
Final Rpt, Kuwait Oil Fire HR4 No. 39-26L192-91,  5 May - 3 Dee 91

APPENDIX  A-l

REFERENCES

1. Title 40, Code of Federal  Regulations (CFR), 1990 rev, part 300, National Oil and
Hazardous Substances  Pollution Contingency Plan.

2. OSWER Directive 9355.0-30,  22 April 1991,  Role  of the Baseline  Risk Assessment in
Superfund Remedy Selection  Decisions.

3. OSWER Directive 9285.603, 25 March 1991, Human Health Evaluation Manual,
Supplemental Guidance:  Standard Default  Exposure Factors,  Interim Final.

4. OSWER Directive  9355.4-02,  7 September 1989, Interim Guidance on Establishing Soil
Lead Cleanup  Levels at Superfund Sites.

5. EPA Publication 9285.7-081,  May 1992, Supplemental Guidance to RAGS: Calculating
the Concentration Term.

6. EPA, 7 February  1992, Guidelines for Exposure Assessment, Final Draft.

7. EPA 600/8-9/011B, January 1992, Dermal Exposure Assessment: Principles and
Applications, Interim Report.

8. EPA Region 10, 16 August 1991, Supplemental Risk Assessment Guidance for Superfund.

9. EPA 540/G-90-008,  October 1990, Guidance  for Data Useability in Risk Assessment,
Interim Final.

10. EPA 540/l-89-002,  December  1989, Risk Assessment Guidance for Superfund, Volume
I: Human Health Evaluation Manual, Interim Final.

11. EPA 625/3-89/016,  March 1989, Interim Procedures  for Estimated Risks  Associated
with  Responses  to Mixtures of Chlorinated Dibenzq-dioxins  and Dibenzofurans  (CDDs and
CDFs) with  update.

12. EPA 600/X-89/046,  March 1989, Soil Sampling Quality  Assurance User’s Guide.

13. EPA 600/8-89/043,  March 1989, Exposure Factors  Handbook.

A-l-l



Final Rpt, Kuwait Oil Fire HRA No. 39-26-L192-91,  5 May - 3 Dee  91

14. EPA 540/G-89-004,  October  1988, Guidance  for Conducting Remedial Investigations
and Feasibility  Studies Under CERCLA,  Interim Final.

15, EPA, Superfund Exposure  Assessment Manual (SEAM),  April 1988.

16. EPA 6OO/S2-85/118,  September  1986,  Project Summary,  Dioxin Emissions from
Industrial  Boilers Burning Hazardous  Materials.

17. Baker, D.E. and L. Chesnin, 1975,  Advances in Agronomy,  Vol. 27.

18. Hawkes,  H.E. and J.S. Webb, 1962, Geochemistry  in Mineral Exploration,  Harper and
Row, p. 415.

19. V. Ozvacic, G. Wong, H. Tosine, R.E. Clement, and J. Osborne, August 1985,
Emissions of Chlorinated Otics from Two MuniciDal  Incinerators  in Ontario, Vol.  35,
Air Pollution Control Association.

20. Rankama, K. and T.H.G.  Sahama, 1968, Geochemistrv,  Univ. of Chicago Press,
p. 912.

21,. Snedecor, G.W.  and W.G. Co&ran,  Statistical Methods, Sixth Edition, Iowa State
Press,  19’16.

22. Wedepohl, K-H., ed., 1970, Handbook  of Geochemistrv,  Vol.  1 l-2, 92 Parts,  Springer-
Verlag,  Berlin-New York.

23. N.C.A.  Weexasinghe,  J.L. Meehan, M-L. Gross, and R.L. Harless,  1985, The Analysis
of Tetrachlorodibenzo-dioxins and Tetrachlorodibenzofurans  in Chemical Waste and in the
Emission from its Combustion, Butterworth Publishers.

24. Memorandum,  EPA,  Region III, 15 October 1993,  subject:  Risk-Based Concentration
Table, Fourth  Quarter  1993.

25. Memorandum,  EPA,  Region VII, 21 May 1993, subject:  Slope Factors  for Polynuclear
Aromatic  Hydrocarbons.

26. Memorandum,  EPA,  Office of Solid Waste and Emergency  Response, 29 August  1991,
subject:  Update on OSWER Soil Lead Cleanup G&lance.

A-l-2



l . . Final Rpt, Kuwait Oil Fire HLU No. 39-26-L192-91, 5 May - 3 Dee  91

I)I’ APPENDIX  A-2

CARCINOGENICINONCAOGENIC
ExposuRE  AND RISK sUMMARY TABLES

A-2-l



TABLE A-2-l. KHOBAR TOWERS
Carcinogenic Risk - Inhalation of Volatile Organic  Compounds (TOl)  - May 1991

Concentration* Outdoor Exposure indoor Exposure Total Exposure Slooe  Factor. Rfsk

Benzene
Toluene
Ethyl Benzene
m,p-Xylene
o-Xylene

I

Ugh3
l.l7E+01 1
3.20E+OI 1 1.8SE-05  I I .58E-06 I 2.0lE-05  1 O.OE+O(
8.14
2.73
7.41E+OO 1 4.298-06 1 3.65E-07 1 4.66E-06 1 O.OE+CH

* Concentrations are the 95th 46 upper bound of the sample data set
NA - No valid samples for analysis period
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TABLE A-2-2. KHOBAR TOWERS
Carcinogenic Rlsk - Inhalation of Volatile Organic  Compounds (TOl)  -June 1991

Concentration* Outdoor Exposure Indoor Exposure Total Exposure Slope Factor Risk

Benzene
Toluene
Ethyl Benzene
m,p-Xylene

7
r-J

1
W

* Concentrations are the 95th % upper bound of the sample data set
NA - No valid samples for analysis period



TABLE A-2-3. KHOBAR TOWERS
Carcinogenic  Risk  - Inhalation of Volatile Organic  Compounds (TOl)  - July 1991

Concen tra t Ion* Outdoor Exposure Indoor Exposure Total Exposure Slope Fat tar Risk
*/kg-day

O.OOEtOO1

3.926-06  1

mglkg-day
O.OOE+OO 1

3X8-07 1
9.00E-O7[

mgikg-day (q/kg-day)-1
O.OOE+OO 1 2.98-02 OE+OO

OE+OO OE+OO
4.258-06 1 O.OE+OO OE+OO
1.15E-05  1 O.OE+OO OE+OO_- _-

Benzene
Toluene
Ethyl Benzene
m, p-Xylene

* Concentrations are the 95th % upper bound of the sample data set
NA - No valid samples for analysis period



TABLE A-24. KHOBAR TOWERS
Carcinogenic  Risk - Inhalallon  of Volatile Organic  Compounds (TOI) - August l!XJi

Concentration* Outdoor Exposure Indoor Exposure Total Exposure Slope Factor Risk

1.

ug/m3 mglkg-day mglkg-day mglkg-day
1 1

@/kg-day)-1
l.O4E+OI &OOE-06 5.10E-07 1 6.51 E-06 1 2.9E-02 [ 2E-07

I 2 incLnt 1 I .BOE-05 1.536-06 1.956-05 O.OE+OO OE+QO
6,50E-06 5.53E-07 7.05E-06 O.OE+OO OE+QO

I L.4OC-rUI  1 _ 1.43E-05 1.2lE-06 I .55E-05 O.OE+OO OE+OOI

I “LUFIIG
Ethyl Benzene
- - “..I..--

I
Benzene
T*l..ono

u1 * Concentrations are the 95th % upper bound of the sample data set
NA - No valid samples for analysis period



TABLE A-2-5. KHOBAR TOWERS
Carclnogedc  Risk - Inh~lallon ol VolatBe  Organic Compounds (TOI)  - September 1991

Concentration* Outdoor Exposure Indoor Exposure Total Exposure Slope Factor Risk

6EtOI  1

mglkg-day mg/kg-day (mglkg-day)-1
3.888-07 1 4.95E-06 1 2.98-02 1E-07

l-378-05 1 I. 16E-06 f 1.488-05 1 O.OE+OO OE+OO
DE+00 OEtOO

Benzene
Tohene
Ethyl Benzene
m,p-Xyfene

7
N’
I

cn
* Concentrations are the 95th % upper bound of the sample data set
NA - No valid samples for analysis period



TABLE A-2-6. KIlOBAR TOWERS
Carcinogenic  Risk - Inhalation of Volatile Organic  Compounds (TOI) - October 1991

ConcentrallorP Outdoor Exposure Indoor Exposure Total Exposure Slope Factor Risk

Benzene
‘tbluene
Ethyl Benzene
m,p-Xylene
D-Xylene

4 * Concentrations are the 95th % upper bound of the sample data set
NA - No valid samples for analysis-period
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TABLE A-2-7. KHOBAR TOWERS
Carcinogenic Risk - Inhalation of VoMle Organic Compounds (TOI) - November 1991

Concentration* Outdoor Exposure Indoor Exposure Total Exposure Slope  Factor Risk
g-day mgt kg-day mgikgiday (mgjkg-day)-1

2.62E-06 1 3.738-137 1 2.84E-06 1 2.9E-02 1 8E-08-- _-Benzene
Toluene
Ethyl Benzene
m,p-Xylene

* Concentrations are the 95th % upper hound  of the s
NA - No valid samples for analysis period



TABLE A-2-8. CAMP 1
Carcinogenic Risk - Inhatatlon  of Volatile Organic Compounds FOI) - May 1991

Concentration* Outduw  Exposure Indoor Exposure Total Exposure Slope Factor

Benzene
Toluene
Ethyl Benzene
m,p-Xylene

7
N

I
W * Concentrations are the 95th A upper bound of the sample data set

NA - No valid samples for analysis period



TABLE A-2-i. CAMP 1
Carcinogenic Risk - Inhalation of Voiatite Organic  Compounds (TOI) -June 1991

Concentration* Outdoor Exposure Indoor Exposure Total  Exposure Slope Fat tor Risk

Benzene
Toluene
Ethyl Benzene
m,p-Xyiene
u-Xyiene
Heptane

* Concentrations are the 95th % upper bound of the sample data set
NA - No valid samples for analysis period



TABLE A-2-10. CAMP 1
Carcinogenic  Risk  - Inhaiatlon of Volatile Organic  Compounds (TOl) - July 1991

Concentration* Outdoor Exposure Indoor Exposure Total Exposure Slope Factor Risk

Benzene
Toiuene
Ethyl Benzene
m,p-Xyiene
o-Xylene
Heptane
n-Pmnvl Benzene

* Concentrations are the 95th % upper bound of the sample data set
NA - No valid samples for analysis period



TABLE A-2-11. ESKAN VILLAGE
Carcinogenic  Risk - Inhalation of Volatile  Organic Compounds WI) -June 1991

Concentration* Outdoor Exposure Indoor Exposure TotaI Exposure Slope Factor Rlsk
ma/kg-day mglkgiday (m&g-day)-1

I 3 ma-t3 I OE+OOBenzene
Toluene
Ethyl Benzene
m, p-Xyiene

* Concentrations are the 9541  %
NA - No valid samples for analys~~period



TABLE A-2-12. ESKAN VILLAGE
Carcinogenic Rlsk - Inhatatlon  of Voiatlle  Organic Compounds (TOI) -July 1991

Benzene
Toiuene
Ethyl Benzene
m,p-Xyiene

Concentration* Outdoor Exposure Indoor Exposure Total Exposure SIope  Factor Risk

NA - No valid samples for analysis period



TABLE A-2-13. ESKAN WLLAGE
Carclnogenlc Risk - Inhalation of Volallle Organic  Compounds (TOl) - August I991

Concentratton* Outdoor Exposure Indoor Exposure Total Exposure Slope Fat tor Risk

Benzene
Toluene
Ethyl Benzene
m,p-Xylene
o-Xylene
Heptane
n-Pmnvl Rm7amn

tlghl3
5.75EtCKIi

w/kg-day
3.33E-06
9.89E-06

mglkg-day
2.83E-07 1
8.41E-07  1

mglkg-day (q&day)-1
3.61E-06 1 2.98-02 1 IE-07  b
1.07E-05  1 OmOEtOO 1 OEtOOIim71EtOl

5.6OEtOO 3.246-06 2.76E-03 3.52E-06 O.OE-WO  1 OE+OO
1.08EtOl 6.27E-06 5.33E-07 6.80E-06 0.OE-k00 OE-tQO
5.27E+00 3.05E-06 2.6OB07 3.3lE-06 O.OEtOO OEtOO
t.36EtOl 7.85E-06 6.67E-07 8.51E-06 O.OEtOO OEtOi-
0. IllF-Ol 5.1lE-07 4.52~~OR 5.778-07 Ct.OE+OO OE+OO

+ Concentdons are the 95th % upper bound of the sample data set
NA - No valid samples for analysis period
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TABLE A-2-14. KKMC
Carcinogenic  Risk  - Inhalntion of Volatile Organic  Compounds (TOI) - May 19!N

Concentration* Outdoor Exposure Indoor Exposure Total Exposure Slope Factor Risk

Benzene
Toluene
Ethyl Benzene
m,pXylene

?
N
I

I-J * Concentrations are the 95th % upper bound of the sample data set
u1 NA - No valid samples for analysis period



TABLE A-2-15. KKMC
Carclnogenlc Risk - lnhalation of Volatile Organic Compounds (TOl)  -June 1991

Concentration* Outdoor Exposure Indoor Exposure Total Exposure Slope Factor Risk

Benzene
Toluene
Ethyl Benzene
m,pXyiene
o-Xylene
Heptane
n-Fmnvl  Renzene

-

4E-t00
1.97EtOO
4.90EtOO
1.90EtOO
1.76EtOO

3.99E-01

“(g-day
0.OOEtOO
3.78E-06
1.14E-06
2.848-06
I.lOE-06
I .02E-06
2.31E-07

q/kg-day
O.OOEt00
3.22E-07
9.71E-08
2.41E-07
9.35E-08
8.668-08
I .96E-08

mg/kg-day (mglkg-day)-1
0.OOEtOO 2.9E-02 OEtOO

4.1 IE-06 O.OE+OO OE+OO
1.24E-06 O.OEtOO OE+Oii
3 .OSE-O6
1.19E-06
I . 1 OE-06
2.5 IE-07

I
+ Concentrations are the ‘95th % upper bound of the sample data set
NA - No valid samples for analysis period



TABLE A-2-16. KKMC
Carcinogenic Risk - Inhalation of Volatile Organic Compounds (TOI) -July 1991

Concentration*
uglm3

NA
4.53Et00
1.56EtDO
3.58EtOO
I .39E+OO
1.62Et00 -

Outdoor Exposure
mglkg-day

O.OOEtOO
2.62846
9.OOE-07
2.07E-06
8.07E-07

Indcw Exposure
mglkg-day

O.OOE i-00 1
2.238-07  1
7-ti5E-08
1.76E-07  1
6.86E-08 I

Total Exposure Stope Factor Risk
m&kg.iday (mgjkg-day)-1

O.OOE+CM 2.9E-02 OEtOO
2.85E-06 O.OEtOO OEtOO
9 -77E-07 O.OEtOO OE+OO
2.256-06 1 O.OEtOO 1 OEtOO

1 a02E-06 f
I .HOE-07 I .95E-07

Benzene
Toiuene
Ethyl Benzene
m,pXyiene
o-Xylene
Heptane

3.lOE-01  1

* Concentrations are the 95th % upper bound of Ihe sample data set
NA - No valid samples for analysis-period
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TABLE A-2-17. KKMC
Carcinogenic Risk - Inhalation of Volatile Organic Compounds (TO1 ) - August 1991

ContentratIon* Outdoor Exposure Indoor Exposure Total  Exposure

1 Benzene

Slope Factor Rlsk

Toluene
Ethyl Benzene
m,pXylene
o-Xylene
Heptane ’
n-Propyl  Benzene 9.16E-01 1 5.306-07  1

+ Concentrations are the 95th % upper bound of the sample data set
NA - No valid samples for analysis period

4.51E-08 1 5.758-07 O.OEtOO! OEtOO
Total Risk I= OE+ on

1

uglm3

I

mglk
NA I
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TABLE A-2-18. MILITARY HOSPITAL/CAMP FREEDOM
Carcinogenic Risk - Inhalation of Volatile Organic Compounds (TOl) - May 1991

Benzene
Totuene
Ethyl Benzene
m,p-Xyiene
o-Xylene
Aeptane
n-Propyl Benzene

* Concentrations are the

Concentration* Outdoor Exposure indoor Exposure Total  Exrmure Slope Fact&
:day @g/kg-day)-1
O.OOE+OO~ 2.9E-02 ( OEtOO

R.78E-M 1 0.OE-t00 1 OEtCQ

951 % upper bound of the sample data set

6.88E-07 1
I AME-

I .02E-07 1 OEtOO

NA - No valid samples for anatysis  period



TABLE A-2-19. MILITARY HOSPITAL/CAMP FREEDOM
Cwdnogenic  Risk - Inhalation of VoiaUle  Organic Compounds VOl) -June 1991

Benzene
Toluene
Et hyi Benzene
m,p-Xyiene
o-Xylene

7 Heptane
h,

I

Concenkalion* Outdoor  Expusure Indoor E

(NA

uglnl3
I

mglkg-day mg/Q
O.OOE i-00

NA
NA O.OOE+OO  1
NA
NA O.OOEtOO~

:xposure Totai  Exposure Slope Fat tar

I
INA

g ,* Concentrations are the 95th % upper bound of the sample data set
NA - No valid samples for analysis period



TABLE A-2-20. MILITARY HOSPITAL/CAMP FREEDOM
Carcinogenic Risk - Inhalation of Volatile Organic Compounds (TOI)  -July 1991

Concentration* Outdoor Exposure Indoor Exposure Total Exposure SIow Factor Risk

Benzene
Toluene
Ethyl Benzene
m,p-Xylene
*Xylene
Heptane

IN A
ughn3

I
mglkg-day mg/kg:day (rug&-day)-1

O.O0E+OO O.OOE+OO 2.9E42 OE+OO
5.878+01 3.408-05 2.898-06 3.69E-05 O.OE+OO OE+QO
1.56EtOO 9.06E-07 7.7OE-08 9.83E-07 O.OE+OO OE+OO
7.68Et00 4.44E-06 3.78E-07 4.82E-06 O.OEtOO OEtOO
2.29EtOO 1.33E-06 1.13E-07 3.448-06 O.OEtOO OE+OO
1.02EtOt 5.92E-06 5.036-07 6.428-06 O.OEt00 OEtOO

3.87E-07 O.OEtOO 1 OEtOO
OEt 00

* Concentrations are Ihe 95th % upper bound of Ihe sample  data set
NA - No valid  samples for analysis period

-I
Total Risk =I



TABLE A-2-21. MJLJTARY HOSPiTALlCAMP FREEDOM
Carcinogenic Risk - Inhalation of Volatile Organic Compounds (TOl) - August 19991

Concenlration* Outdoor Exposure Indoor ENpoSUre Tolal  Exposure Slope Factor Risk

Benzene
uglm3 mglkg-day

I 1.3lEtOO  1 7.588-07  1
Toluene
Ethyl Benzene
m,p-Xylene

I JHE-OS  1

mglkg-day
6.45E-08 1
9.28E-07  1

mglkg-day @g/kg-day)-1
8.23E-07 1 2.9E-02 1 2E-08
l.lBE-05 t O.OE+OO 1 OEtCHl

DEtOD

I
ru * Concentratidns  are the 95th % upper bound of the sample data set
N NA - No valid samples for analysis period
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TABLE A-2-22. MJLJTARY HOSPITAL/CAMP FREEDOM
Carcinogenic Risk - Inhalation of Volatile Organic compounds (TOl) - September 1991

Benzene
Toluene ,
Ethyl Benzene
m,p-Xylene
o-Xylene
Heptane

Concentration+
ugfm3

4.52E-tOO  1

Outdoor Exposure
mglkg-day

2.62E-06  1

Indoor Exposure
mglkg-bay

2.22E-07  1

Total Exposure Slope Factor Risk

OEtOO
OE+OO

* Concentrations are the 95th % upper bound of the sample data set
NA - No valid samples for enatysis  period



TABLE A-2-23, MlLITARY HOSPITAWCAMP  FREEDOM
Caccinogen$  Risk  - Inhalation of Volatile Organic Compounds (TOl) - October 1991

Benzene
Toiuene
Ethyl Benzene

Concentration* Outdoor Exposure Indoor Exposure Total Exposure Slope Fat tor Risk

* Concentrations are the 95th 5% upper bound of the sampte  data set
E NA - No valid samples for analysis period



TABLE A-2-24. MILITARY HOSPITAL/CAMP FREEDOM
Carcinogenic  Risk - lnhaiatlon of Volatile Organic Compounds (TOI) - November 1991

Concentration* Outdoor Exposure Indoor Exposure Total Exposure Slope Factor Risk

6.89E-05 1 i 5.868-06  I 7.48E-05  1 O.OE+OO  1 OE+OO  1
Benzene
Toiuene
Ethyl Benzene
m,p-Xyiene

7
td

kui * Concenlrations  are the 95th k upper bound of the sample data set
NA - No valid samples for analysis period

K =I Yl5UU I



TABLE A-2-25. U.S. EMBASSY, KUWAlT
Carcinogenic  Risk - Inhalation of Volatile Organic Compounds (TOl)  - May 1991

Concentration* Outdoor Exposure Indoor Exposure Total  ENpoSUre Slope Factor Risk

NA
NA

mglkg-day
O.OOE+OO
O.OOE+OO

mglkg-day mglkg-day (mglkg-day)-1
O.OOEtOO1 O.CGEtfMt 2.9E3-02  1 OE-tCQ

O.OOE+OO  1 O.OE+OO  ] OEtOO

ug/m

1.1,
2.768+01 1 i.6OE-05 1 I .36E-O6 1 1.748-05 1 0.01
I. i8Ef1

NA O.OOEtOO~ 0.OOEt0O~ O.OOE+OOI O.OEtOO 1 OE+
9.49E-08 1 l.ZlE-06 1 O.OEtOO~ OE+

4E+OI(

01 1

6.588-06 1 5.6OE-07~ 7.!4E-O6 1 O.OE+OO OE+OO
E+OO OE+OO

6.81~-06 r 5.79E-07  1 7.39E-06 1 O.OE+OO OE+OO
00
00

I Total Risk =I OE+ 00

Benzene
Toiuene
Ethyl  Benzene
m,p-Xyiene
o-Xyiene
Heptane

* Concentrations are the 95th % upper bound of the sample data set
NA - No valid samples for an&& period



TABLE A-2-26. U.S. EMBASSY, KUWAIT
Carcinogenic Risk - lnhalatlon of Volatile Organic  Compounds (TOI) -June 1991

Concentration* Outdoor Exposure Indoor Exposure Total Exposure Slow Factor Risk

-0E-06
OiOEtOO

2o9E-02 2E-07
O.OOE+OOI O.OOE+OOi O.OEtOO OEtOO

1.696-05 0.OE-t00 OEtOO

Benzene
Toiuene
Ethyl Benzene
m,pXyiene

* Concentrations are the 95th k upper bound of the sample data set
NA - No valid samples for analysis period

O.OEtOO 1
O.OEt00 I
O.OE+I

OEtOO
OEt00



TABLE A-2-27. U.S. EMBASSY, KUWAIT
Carcinogenic Risk - Inhalatlon of Volatile Organic Compounds (TOl) - July 1991

Concentration* Outdoor Exposure Indoor ENpOSUre Total Exposure Slope Fat tor lUsk

Benzene -- ._
Toiuene
Ethyl Benzene
m,pXyiene
o-Xyiene
Heptane
n-Propyi Benzene

* Concentrations are Ihe

ughn3 mglkg-day Imgikg-day
O.ooE+oD I

mglkg-day @g/kg-day)-1
OBOE+00  1 2.9E-02 I OEtOONA O.OOEtOO

NA O.OOEtOO 0.OOEtOO O.OOEtOO
NA 0.OOEtOO O.OOE+OO O.OOEtOO
NA O.OOE+OO O.OOE+OO 0.00EtOO
NA OBOE+00 O.OOEtOO O.OOEtOO
NA 0.OOEtOO OBOE+00 O.OOEtOO

O.OEtOO
O.OEt00
OmOEtOO
O.OEt00
O.OEtOO
O.OEtOO

Total  Risk =

OE-tOO
OEtOO
OE-tOO
OEtOO
OEtOO
OEtOO
OEtOO

95th % upper bound of the sample dab set
NA - No valid samples for analysis period



TABLE A-2-28. CAMP THUNDEROCK
Carcinogenic Rtsk - Inhalation  of Volatlte  Organic Compounds (TOl) - June 1991

Concentration* Outdoor Exposure Indoor Exposure Total Exposure Slope Factor Risk

1 nnF;+niiI
Benzene
Toluene
Ethyl Benzene
m,pXylene

a * Concentrations are the 95th % upper bound of the sample data set
NA - No valid samples for analysis period



TABLE A-2-29. CAMP THUNDEROCK
Carcinogenk  Risk  - Inhalstlon  of Volatile Organic  Compounds (TO1)  -July 19991

Concentration* Outdoor Exposure Indoor Exposure Total Exposure Slope Factor Risk

Benzene
Toluene
Ethyl Benzene
m,pXytene

* Concentrations are t

OE+OO

NA - No valid samples for analys~s~period
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TABLE A-2-30. CAMP THUNDEROCK
Cardnogenic  Risk - Inhdatlon of VolatlIe Organic  Compounds (TOI) - August 1991

Concentration* Outdoor Exposure Indoor Exposure Total  Exposure Slope Factor

Benzene
Toluene
Ethyl Benzene
m,p-Xylene
o-Xyfene
Heptane

* Concentrations are the 95th 5% upper bound of the sample data set
NA - No valid samples for analysis-period



TABLE A-2-31, CAMP THUNDEROCK
Carcinogenic Risk - lnhalatlon  of Volatile Organic Compounds (TOI) - September 1991

Concentration* Outdoor Exposure Indoor Exposure Total Exposure Slope Factor Risk

I

U&Il3 mglkg-day n&/kg-day
1 1

mg/kgIday @I#&-day)4
6.03E+OO 3.49E-06 2.97E-07 1 3.798-06 t 2.98-02 1 1 E-07

t.16E-05 1 9.89EXI7 1 1.26E-05 1 O.OEtOO 1 OE+OO
4.94E-06 1 4.20E-07 1 S-368-06 1 O.OE+OO 1 OE+OO

Benzene
Toiuene
Ethyl Benzene

NA - No valid samples for analysis period



TABLE A-2-32. CAMP THUNDEROCK
Carcinogenic  Risk - Inhalatlon of Volatlle Organic  Compounds (TOI)  - October 1991

Concentration* Outdoor Exposure Indoor Exposure Total Exposure Slope Factor Risk

Benzene
Toluene
Ethyl Benzene
m,pXylene
o-Xylene

? Heptane
t In-Propyl BenzenL?

mgikg-day
3.526-06  )

mglkg-day
2.99E-07 1

@kg-day @g/kg-day)-1
3.82E-06 1 2.9E-02 1

O.OEt00
O.OEtOO
O.OEtOO
O.OE+OO
O.OE+OO
O.OEt00

Total Risk =

1 E-07

G I-
+ Concentrations are the 95th % upper bound of the sample data set
NA - No valid samples for analysis  period

,, a



TABLE A-Z-33. CAMP THUNDEROCK
Carcinogenic  Risk  - Inhalation of Volatile  Organic  Compounds (TOl) - November 1991

Concentration* Outdoor Exposure indoor Exposure Total Exposure Slope Factor Risk

Benzene
Toluene
Ethyl Benzene
m,pXylene
o-Xylene

uglm3
l.O6E+Ot 1

mg/&day
6.1'5E-06 1

say mg/kg:day
5.238-07 1

(mglkg-day)-1
6.67E-06 [ 2.9E-02 1 2E-07

1.96E-04 1 I .67E-05 I 2.13E-04 1 O.OE+OO 1 OEtOO

Inglkg-

3.39EtUZ _.---  - _
3.61EtOO 2.098-06 i,78E-07 2.27E-06 1 O.OE
1.88E-t01 l.O9E-05 9.26E-07
1.7lEtOI
l.lBEt02

+ool OEtOO
f.lSE-05 O.OE+OO 1 OEt00

9.88E-06 8.4OE-07 1.07E-05__-- O.OE+OOj OEtOO
6.818-05 5 -796-06 7.38845 O.OEtOO~ OEtOO

I InF-M O.OE+OOi ~-__OEtOO- - - -
/ l  � - a - 2E-07

w * Concentrations are the 95th % upper bound of the sample data set
NA - No valid samples for analysis period



TABLE A-2-34, AL AHMADI HOSPITAL
Carcinogedc Risk - Inhalation of VoMile Organic  Compounds (TOI) - June 1991

*ll+door  Exposure Indour Exposure Total Exposure Slope Factor Risk
mglkg-day mglkg-day mglkg-day (mglkg-day)-1

7.568-06 1 6.43E-07 1 8.208-06 1 2.9E-02 1 2E-07 bI Benzene 1.3lE+Oi 1
Toluene WOE+01 1 2.088-05 1 1.77E-06 1 2.26E-05 1 O.OE+OO 1 OE+OO 1
Ethyl Benzene 4.112E+01 I 2.38E-05 2.03E-06 2.59E-05 O.OE+OO OE+OO

6.74E-05 5,73E-06 7.328-05 O.OEtOO OEtOO
1.76E-05 1.49E-06 1.91E-05 O.OEtOO OEtOO I

m,pXylene
u-Xylene

1.16Et02
3.04EtOl
1,27E+O2
4.4OEtOO

7.348-05 1 6.248-06 1 J.97E-05 1 O.OE+OO] OEtti
-06 1 O.OE+CHl 1 OE+OO I

I K * Concentrations are the 95th % upper bound of the sample data set
NA - No valid samples for analysis period

a * 0



TABLE A-2-35. KHOBAR  TOWERS
Non-Carcinogenic RLsk  - Inhalation o! Volatile Organic Compounds (TOl)  - May 1991

Concentration* Outdoor Exposure Indoor Exposure Total Exposure Reference Coot. Hazard Quotient

kg-dq mg/kgday mg/kgday mdkgdny
5.6lE-031 4.778-041~ 6.08E-031 1.5E-03 J

ug!m3 mgll
Benzene 1.17EtOl
Toluene 3,20E+01 1.538-02
Ethyl Benzene 8.19EtOO 3.918-03
m,pXylene 2.73E  tOI I, 30E-02
o-Xylene 7.4~EtOO 3.548-03

p Heptane 1.08Et01 5.17E-03

v' 1.45E+OO 6.93E-04
I

WIn + Concentrations are the 95th % upper bound of the sample data set

1.30E-03 1 A6E-02
3.328-04 4.248-03
l.IIE-03 I e428-02
3.0lE-04 3.848-03
4.398-W 5.618-03 _
5.898-05 7.526-U

l.IE-01 1
2.9E-01
2.OE-01
2.OE-01

NAV
NAV

Hazard Index =

4E+OO
2E-01
1E-02
7E-02
2E-02
OEtOO
OEtOO
4E+00

“’ NA - No valid samples for analysis period
NAV - Not Available



TABLE A-Z-36. KHOBAR TOWERS
Non-Carcinogenic Risk - IahaIaUon  of Volatile Organic Compounds (TOl) - June 1991

Concenlration* Outdoor Exposure Indoor Exposure Reference. Cow. Hazard Quotient
ug/m3

NA
3.6
6.5:
1.8
6.6
>.4!E+gO[

I I

i6E+Ol
2E+OO
IBE+
i9E+OO

.39E+OO1

1
1.758-02
3. I IE-03
8.95E-03
3.19E-03
2.58E-03
6.61E-04

mglkgday
O.OOEtOO
1.49E-03
2.64E-04
7.61E-04
2.71E-04
2.20E-04
5.628-05

Total Exposure
mglkgday

O.OOE+OO
1.9OE-02
3.37E-03
9.72E-03
3.468-03
2.80E-03
7.18E-04

mglkgday
1.5E-03
l.lE-01
2.9E-01
2mOEbl
2uOE-01

NAV
NAV

08too
2E-01
IE-02
5E-02
2E-02
OE+OO
OE+OCI

Benzene
Toluene
Ethyl  Benzene
m,pXylene
o-Xylene
Heptane

b n-Prowl  Benzene

�7 l Concentrations are the 95th I upper bound of the sample deta set
% NA - No valid samples for analysk‘perid

NAV - Not Available



TABLE A-2-37. KHOBAR TOWERS
Non-Carcinogenic Risk - Inhalation of Volatile Orgauic  Compounds (TOl) - July 1991

Concentration* Outdoor Exposure Indoor Exposure Total Exposure Reference Coot. Hazard Quotient

Benzene
Toluene
Ethyl Benzene
m,pXylene
o-Xylene
Heptane

A * Concentrations ore the 95th % upper bound  of the sample date set

mg/kgday mglkgday
+OOl O.OOEtOO] 1.5E43 OEtOO

l.lE-Ol IE-01
2.9E-01 IE-02
2.OE4)1 5 E-02
2.OE-01 2E-02

NAV OE+OO.  _ _ _
NAV OEtO0

Hazard Index = 2E-01

4 NA - No valid samples for analysis period
NAV - Not Available



TABLE A-2-38. KHOBAR TOWERS
Non-Carcinogenic Risk  - Inhalation of Volatile Organic Compounds  (TOl) - August 1991

Concentration* Outdoor Exposure Indoor Exposure Total Exposure Reference Cont. Hazard Quotieot
mglkgday

A
mglkgday

A 7nEBenzene
Toluene
Ethyl Benzene
m,pXyIene

w + Concentrations are the 95th k UPIXX  bound of the smole data set
O3 NA - No valid samples for analy&‘period

NAV - Not Available

mglkgday mglkgday



TABLE A-Z-39. KHOBAR  TOWERS
Non-Carcinogenic Risk - Inhalation of Volatile Organic Compounds (TO11 - September 1991

Benzene
Toluene
ELhyl Benzene
m,pXyleoe

Concentration* Outdoor Exposure Indoor Exposure Total Exposure Reference Cow. Hazard Quotient

7
N

I
W + Concentrations are the 95th 56 upper bound of ihe sample data set
UJ NA - No valid samples for analysis period

NAV - Not Available



.

TABLE A-240. KHOBAR TOWERS
Non-Carcinogenic Risk - Inhalation of Volatile Organic Compounds (TOI)  - October 1991

Concentration* Outdoor Exposure
Ugh3

7.21E+OO
4.78EtOl 2.21
2.79EtO1 I.
9.2tE+01 4.
2.29E+01 1.
1.02E+01
I .IldE+t-m

Indoor Exposure TotaI  Exposure Reference Cow. Hazard Quotient

Benzene
Toluene
Ethyl Benzene
m,gXyIene
o-Xylene

3p Heptane
N Benzene

1
In-F&g

h
b l Concentrations are the 95th % umr bound of Ih8 sanmte data se4

NA - No valid samples for analy&*period
NAV - Not Available

.

\



TABLE A-2-41. KHOBAR TOWERS
Non-Carcinogenic Risk - Inhaltiion  of Volatile Organic  Compounds (TOl)  - November 1991

Concentration* Outdoor Exposure Indoor Exposure Total Exposure Reference Corm Hazard  Quotient

Benzene
Toluene
Ethyl Benzene

?
N ZE+Otl

1 L

z
+ Concentrations are the 95th % upper bound of the sample data  set
NA - No valid samples for analysis period
NAV - Not Available



TABLE A-2-42. CAMP I
Non-Carcinogenic Risk - lnhetatioo of Volatile Organic Compounds (Tot) - May 1991

Coocentratbn+ Outdoor Exposure lodoor  Extmsure Total Exwsure Reference Coot. Hazard Ouotient
ugld

I
mglkg-day

1 1
mg/kg&y q/kg-day mglkgdry

IJOE+ 4.79E-03 4.0784 5.20E-03 3E+O0
8EtOI 1

/
1

1
5.15E-03 4.388-04 1

1 SE-03 1
S.SSE-03 1 l.lE-OlI 5E-02

Benzene
Tolueoe l.O- ~,
Ethyl  Benzene 3.828+00 1 a82E-03
m,pXylene 9.278+00 4.428-03
o-Xyleoe 3.44EtOO 1 HE-03
Hepbne 3.598 +00 1.7lE-03

y o-Propyl  Benzene 6.928-01 3.30E-04
h,

I * ConctntraGons  are Ihe 95th 95 upper bound of the sample data set
2 NA - No valid samples for analysis period

NAV - Not Available

1.5W-04
3.768-04
1.40E-04
t .46EU4
2.818-W

1.988-03 2.9E01 7E..03-
4.808-03 2.OE-01 2E-02
1.788-03 2.0E-01 9E-03

- 1.868-03 NAV OE+OO
3S8E-CM NAV OE+OO

Hazard Index = , dEt00
1

0



TABLE A-2-43. CAMP I
Non-Carcinogenic Risk - lnhnlation  of Volatile Organic Compounds (TOl)  - June 1991

Benzene
Totuene
Ethyl Benzene
m,pXylene
o-Xylene
Heptane

l Concentrelions are the
NA - No valid samples f;
NAV - Not Availeble

Concentration* Outdoor Exposure
mglkgday

0 OOE+OO--I
2.03E-03
8,62E-04
2.34E-03
8,79E-O4
1.938-03__----
t .8 I E-04

95th % upper bowl of the sample ‘data set
or analysis  period

Indoor Exposure
mg/kgday

O.OOEtOO
1.738-04
7.338-05
t.99E-04
7.478-05
1.658-04
t .54E-05

Total Exposure

2.2 1E-03

2.10E-03

Reference Cow. Hazard Quotient

OE+OO
l.lE-01 2E-02
2.9E-01 3E-03
2.OE-01 1 E-02
2.OE-01 5E-03

NAV OEtOO~-
NAV OE+OO

Hazard Index =I dE-02



TABLE A-2-44, CAMP 1
Non-Carcinogenic Risk - Inhalation of Volatile Organic Compounds (TOl) - July 1991

Concentration* Outdoor Exposure Indoor  Exposure Total Exposure Reference Coat. Hazard Quotient

Benzene
Toluene
Ethyl  Benzene
m,gXyIene
o-Xylene

Heptane

A l Concentrations are the 95th I .upper  bound of the sarnde  data  set
s NA - No valid samples for aualy&‘pwiod

.

NAV - Not Available
.



TABLE A-2-45. ESKAN VILLAGE
Non-Carcinogenic Risk - Inhulatioo  of Volatile  Organic Compounds (TOi)  - June 1991

Concentration* Outdoor Exposure Indoor Exposure TOW Exposure Reference Cont. Hazard  Quotient

Benzene
Toluene
Ethyl Benzene
m,pXylene
o-Xylene

7
N

I oncentratlons  are t
$ NA - No vaIid samples for analysis period

NAV - Not Available



TABLE A-246. ESKAN VILLAGE

I
Non-Carcinogenic Risk - InhalaIion  of Volatile Organic Compounds (TOl) - July 1991

CoacenBation* Outdoor Exposure Indour Exposure Total EKposure Reference Cone. Hazard Quotient

NA - No valid samples for analysis perid
NAV - Not Available

uglm3 mglkgday
Benzene NA O.COEtOO
Toluene 2.25EtOl I .07E-O2
Ethyl Benzene 4.78EtOO 2.1
m,pXyleoe  , 1.3lEtOl 6.248-03  1
o-Xylene 4.66EtOO 2.22E-03  1
Heptane 3.MEtOO

9.30E-01 4.44B041

* Concentrations are the 95th % upper bound of the sample data set

mOwW
O.OOEt00

9.148-04
1.94E-04
5.31E-04
I .89E-04
I .24E-04
3.77E-IT5 1

mdks-day
O.OOEt00

I .17E-02
2.48E-03
6.77E-03
2.41E-03
1 S9E-03
4.8lE-04 1

t

mnlkndav

NAV
Hazard

I SE-03 OEtOO
I.lE-01 IE-01
2.9E-01 9E-03
2.0E-01 3E-02
2.OE-01 I E-02

NAV OE+OO
OE;G

Index =I 2E-01



TABLE A-2-47. ESKAN VILLAGE
Non-Carcinogenic Risk - Inhalation of Volatile Organic Compounds (TOl)  - August 1991

Concenlralion* Outdoor  Exposure Indoor Exwsure Total Exposure Reference Cont. Hazard Quolienl

Benzene
Toluene
Ethyl Benzene
m,pXylene

“;7 In-Prowl Benzene I
6.47E-03  1 5SOE-04  1 7.02E-03

9. ISE-01 1 1
.-

4.38E-04 3.728-05
tu

4.75E-04  _-_

I
lb
4

l Concentretions  are the 95th % upper bound of the sample  data set
NA - No valid samples for analysis period
NAV - Not Available

1.5E-03 2EtOO
1.1E-01 SE-02
2n9E-01 lE-02
2.OE-01 3E-02
2uOE-01 IE-02

NAV OEi-00
NAV OEtti- - -I. . Index = ZEtCNJ



TABLE A-248. KKMC
Non-Carcinogenic Risk - Inhalation ol Volatile Organic Compounds (TOi)  - May 1991

Coacenlration*

Benzene
Toluene
Ethyl Benzene
m,pXylene

Outdour Exwsure Indoor Exwsure Total Exposure Reference Cont. Hazard Quotient

1.27E
4.358-W 1

3.98E
2E-02

NAV I OE+OO

l Concentrations are the 95th I upper bound of the sample data set
rnaex =I

OE+OO
m+oo

N A - No valid samples for analysis period
NAV - Not available

.



TABLE A-2-49. KKMC
Non-Carcinogenic Risk - Inhulatloo  of Votutile  Organic Compounds (TOl)  - June 1991

Concentration* Outdoor Exposure Indoor Exposure Total Exposure Reference Cow. Hazard Quotient

Ibb + Concentrations are the 95th % upper bound of the sample  data sd
u3 NA - No valid samples for analysis period

NAV - Not available



TABLE A-2-50. KKMC
Non-Carcinogenic Risk - Inhalation of Volutile  Organic Compounds (TOI)  - July 1991

Cqncentration* Outdoor Exposure Indoor Exposure Total Exposure Reference Cont. Hazard Quotient
mgi kg-day
~ o.ooE+Ml1

uglm3
Benzene ‘NA
Toluene 4.538+00 2.16E-03
Ethyl Benzene l.%E+W 7.428-04
m,pXylene 3.588+00 I .7 1 E-03
o-Xylene 1.39E+OO 6.65E-04

p Heptane 1.62E+OO ‘7.74E-04
I .48E-04

& * Concentrations are the 95th % upper bound of the sample  data  set

mglkgday lllg/kg&y mglkgday
O.OOE+OO  1 O.OOE+OO  1 l.SE-03  1 OE+Ofl

1.84E-04
6.3 1E-05
1.45E-04
5.66&05
6.588-05
I .268-05

2.35E-03
8.OSE-04
1.85E-03
7.22E-04
8.40E-04
I .6 t E-04

l.lE-01
2.9E-01
2.OE-01
2.OE-01

NAV
NAV

Hazard Index =

2E-02
3E-03
9E-03
4E-03

OEtW
OEtOO

4E-02

- NA - No valid samples foi analysis period
NAV - Not available



0 0

TABLE A-2-51. KKMC
Non-Carcinogenic Risk - Inhulutlon of Volatile Organk Compounds (TOI) - August 1991

ConcenlMloa* Outdoor Exposure Indoor Exposure To&l Exposure Reference Cow Hazard Quotient

Benzene
Toluene . ..ZE+OI 5.X8-03 I
Elhyl Benzene 2.59EtOO 1,24E-03 1
m,pXylene 1mOOEtOl 4,77E-03
*Xylene 2.59E+00 I .24E-03

P Heptane
k

2.758+00 1.3fE-03
9.16E-01 4.37E-04

I
Ln
+ l Concentrations ace the 95th I upper bound of the sample data set

NA - No valid samples for analysis period
NAV - Not available

4.528-04 I
1 mOSE-04
4.06E-04
1.05E-04
1,12E-04
3.728-05

5.18E-03
1.34E-03 2.OE-0
1 m42E-03 NAV
4.74E-04 NAV

‘r9E-02Hazard Index =



TABLE A-2-52. MlLITARY HOSPlTAL/CAMP FREEDOM
Non-Carcinogenic Risk - Inhalation of Volatile Organic Compounds (TOl)  - May 1991

Concentration* Outdoor Exposure Indoor Exposure Total Exposure Reference Cow. Hazard Quotient
ug/m3 mglkg-iay mglkg-day mg/kg&y mgtkgday

Benzene NA O.OOEtOO~ O.OOE+OO  1 O.OOE+OO  1 1SE43 1 OE+OO
Toluene f.40E+OII 6.67E-031  - 5.67E-04  1 7.248-03  1 LlE-Oll 7E-02
Ethyl Benzene 2.03E+l 8.258-05
m,gXylene 5.52EtOOl 2.24E-04
o-Xyleoe 2.07E+1 8.41 E-05
Heptaae NA 0 OBOE+00 NAV

1.828-05 NAV
Hazard

l Concentrations are the 95th 56 upper bound of the sample data set

2.9E-01
2.OE-01
2.OE-01

Index =

4E-03
IE-02
5E-03

OE+OO
OEtOO

9E-02

NA - No valid samples for ndysis  period
NAV - Not Available



TABLE A-2-53. MILITARY HOSPITAL/CAMP FREEDOM
Non-Carcinogenk  Risk i Inhaltiloo  of VolatiJe Organic Compounds (TOl)  - June 1991

Concentration* Outdoor Exposure Indoor Exposure Total Exposure Reference Cow. Hazard Ouotieot

Benzene
Toluene
Ethyl Benzene
m,pXylene
o-Xylene

w Heptane

u!w l Concentrations Bze the: 95th % upper baud of the SampI  data set

uglm3 mg/kgday mg/k&y
NA O.OOE+OO  1 O.OOEtOOi
NA 1 O.OOE+OO 1 ’ &OOEt  .

mg/kg>ay
0.0

.oo

f-
Do
Do

NA O.OOEtOO O.OOEtI
NA O.OOEtOO O.QOEt(  .
NA O.OOEtOO O.OOEt00
NA O.OOE+OO 0.OOEtOO
NA O.OOEtQO O.OOEtOO

OE+OO
O.OOEtOO
O.OOEtOO
O.OOEtOO
(UIOEtOO
OnOOEtOO
MM-W.+.

mglkgday
1.5E-03
l.lE-01
2.9E-01
2.OEbl

NAV
NAV

HlWUd

NA - No valid samples for analysis period
NAV - Not Aveilable



TABLE A-2-54. MILITARY HOSPITAL/CAMP FREEDOM
Non-Carcinogenic Risk - Inhalation of Volatile Organic Compounds (TOl) - July 1991’

Concentration* Outdoor Exposure

Benzene
Toluene
Ethyl Benzene
m,pXylene
o-Xylene
Heptme

uglm3 mglkg$uy
NA O.OOE+OO

5,87EtOl 2. BOE-02
L56EtOO 7.478-04
7.688+00 3.668-03
2.29EtOO I -09E-03
1.02E+Ol 4.888-03
6.16E-01 2.94E-04

+ Concentrations are the 95tb % upper bound of #be sample data set
NA - No valid samples for analysk-period
NAV - Not Available

Hazard QuotientIndoor  E x p o s u r e Total Exposure Reference Cont.
mghgday mglkgday mg/kgday

O.OOEtOO O.OOEtOO I SE-03 OEtOO
2.38E-03 3.04E-02 l.lE-01 3E-01
6.35E-05 8.lOE-04 2.9E-01 3E-03
3.1 IE-04 3.979-03 2.OE-01 2E-02
9.318-05 I. L9E-03 t.OE-01 hEJl?

4.158-04 5.298-03 N A V  L---

$ 2.508-05 3.19E-04
.



l -0

TABLE A-2-55, MILITARY HOSPITAL/CAMP FREEDOM
NowCarcinogenic  Risk - inhalation of VolatUe  Organic Compounds (TOl) - Augusa 1991

3p
N

I
ul
m

Benzene
Toluene
Ethyl Benzene
m,pXylene
o-Xylene
Heplane’

Benzene

Concentration* Outdoor Exposure

._-- --
4.28EtOO 2.04E-03 I .74E-O4
I .30EtOO 6.20B04 5.27E-05
2,66EtOO I.27843 1.08E-M

4.5BE-01 2.19E-04 I .86E-O5

uglm3
1.31EtOO
I.BBEtOI
1.77Et00_

mglkgdiy
6.25E-04
8.998-03
8.448-W

Indoor Exposure
mg/kg&y

5.3lE-05
7.65E-04
7.18E-05

Total Exposure
mglkg-day

6.788-M
9.768-03

_ 9.168-04

Reference Coot. Hazard Quotient
mglkgday

1.5E-03
l.lE-01
2.9E-01
2.OEXll
2.0E-0 I

NAV
NAV

SE-01
9E-02
3E-03
I E-02
3E-03

OEtOO
OEtOO-

l Coucentretions are the 95th % upper bound of the sample datn set

NA - No valid samples for analysis periai
NAV - Not Available

[1 6E-U 1Hazard Index =



TABLE A-2-56. MILITARY HOSPlTALlCAMP  FREEDOM
Non-Carcinogenic Risk  - lnthtion of Volutite  Organic  Compounds (TOI)  - September 1991

Concentration* Outdoor Exposure lnduor  Exposure Total Exposure Reference Cow. Huzard  Quotient

Benzene
Toluene
Ethyl Benzene
m,pXyleue

’cn l Concentrations are the 95th % upper bound of the sample data set
m NA - No valid samples for analysis period

NAV - Not Available



TABLE A-2-57. MILITARY HOSPITAL/CAMP  FREEDOM
Non-Carcinogenic Risk - Inhalation of Volatile  Orgunlc Compounds (TOl)  - October  1991

Conceutmlon* Outdoor Exposure

-,--- .,-
9.45E-02
3.62E-03
8.728-03
4.02843
I .43E-02
c; I-llC-nA

lndout Exposure Total Exposure

Benzene
Tohene
Ethyl Benzene
m,pXylene
o-Xylene
Heplane
n-howl Benzene

mglkg4ay
2.24E-04
8.04E-m
3.088-04
7.4 I E-04
3.41E-04
1.21E-03
5.12E-05

l Concentrations are the 95th I upper bould of the samph data sei
NA - No valid samples for analysis period
NAV - Not Available

mglkgday
2.868-03
1.03E-01
3.93E-03
9.46E-03
4.368-03
I SE-02
6.54EJ.M

Reference Cont. Hazard Quotient
mgbgday

1.5E-03
l.lE-O1
2.9E-01
2.OEXIl
2aOE-01

NAV
NAV

Hazard Index =

2E+OtI
9E-01
I E-02
5E-02
2E-02
OEtO0
OE+OO
3Etoa



TABLE A-2-58, MILlTABY  HOSPITAL/CAMP FREEDOM
NonCarcinogenic  Rhk - InbaMion  of Volatile Organic Compounds (TOI) - November 1991

Coocentratlon* Hazard Quotient

Benzene
Tolueoe
EUlyl Beuzeae
m,pXylene

NA - No valid samples for analysis period
NAV - Not Available



,

TABLE A-2-59. U.S. EMBASSY, KUWAIT
Non-Carcinogenic  Risk - Inhalation of Volatile Organic Compounds (TOl) - May 199i

Benzene
Toluene
Ethyl Benzene
m,pXyleoe

o - X y l e n e
b Heptane
i In-Propyl  Benzene

I

Concentration* Outdoor Exposure tudour  Exposure Total Exposure Reference Cone, Hazard Quotient

1.1
NA

I

m
a

+ Concentrations nre the 95th 56 upper bound of the snmple data set
NA - ,No valid samples for analysie period
NAV - Not Availabte



TABLE A-2-60. U.S. EMBASSY, KUWAIT
FlowCarcinogenic  Risk - labulatioa  of Volatile Organic Compounds POl) - June 1991

Concentration* Outdoor Exposure Indoor  Exposure Total Exposure Reference Cont. Hazard Quotient

IBenzene
ughn3  I mg/ kgiay mj

t.IHE+Ot 5.62E-03  1
NA

2.68EtOI
5EtOl

Tolutine O.OOE+OO
Ethyl Benzene I .288-02
m,pXyLne 7.7. 3.708-02
o-Xyleiie 2.95EtOl 1.4lE-02

0,OOEtOO
2.9lEtOO I. 398-03

L& + Concentrations are the 95th % upper bound  of the sample data set

pgilay
4.78E-04  1

O.OOE+OO
I BE-03
3.14E-03
I .20E-03

O.OOE+OO
I. lSE-04

mgtkg-day
6.1OE-03  1

mgikgday
1.5E-03  i_.-- -- 4Et00

O.OOE+OO l.lE0l OEtOO
1.39E-02 2.9E-01 SE-02
4.01E-02 2.0E-01 2E-01
1 S3E-02 ‘2.OE-1)1 BE-02

OBOE+00 NAV OEtOO
1 SOE-03 N A VOE-tOO

s Hazard IndeE = 4EtO0

o NA - No valid samples for aualy&-pried
NAV - Not Available



TABLE  A-2-61, U.S. EMBASSY, KUWAIT
Non-Carcinogenic Risk - Inhalaiioa  of Volallle  Organic Compounds (TOl)  - July 1991

Concentration* Ouldoor  Exposure Indoor Expusure Total ENpOWre Reference  Cont. Hazard Quotieot

(Benzene
Toluene
Ethyl Benzene
m,pXyleoe
u-Xyleae
He@aue

ug/m3
(NA

mg/kgduy
I O.OOE+C

NA
NA
NA
NA
NA

d a vmg/kg  . mg/kgday
lo O.OOE+OO  1 1.5E-03_.-- -- OE+OO

.O.OOE+OO O.OOE+OO~ l.lE-Of OEtOO
O.OOE+00 O.oOE+OO~ 2.9E-01 OE+OO
O.OOE+OO O.ME+OOl 2.OE-01 OEtOO
O.OOE+OO O.OOE+OO~ 2.OE-01 OEtCKl
O.OOE+OO 0.OOE+OO~ NAV I OE+OO

MlOl?+llOl NAV

z NA - No velid  samples for analy&-period
NAV - Not Available

+ Concentrations are the 95th 74 upper bollld of the sample data set



TABLE A-2-62, CAMP THWDEROCK
Non-Carcinogenic  Rifk - Inhalation of Volatile  Organic  Compounds  (TOI) -June  1991

Benzene
Toluene
Ethyl Benzene
m,pXylene
u-Xylene
Hentune

ug/m3
8.39E+OO
2.53EtOl
6.08EtOO
1.76E+Ol
7.03EtOO
2.41’

mglkg-day mg/k&Iay mg&day mglkgday
4.OOE-03 1 3~408-04 1 4.34E-03 1 SE-03
1.21IE-021 I .03E-O3  1

1
1.31E-02 1 1.1E-01

2.90E-03 2.4iE-04  1 3.15E4k 2.9E-01
8.39E-03 7.13E-04 1 9.lOE-03  [ 2.OE-01
3.36E-03 2.858-04 1 3.6448-03 1 2.OE-01

NAV
NAV

Hazard Index =
p ln-dyopyl

-EtOil 1.15E-02I 1.25E-02
1.89E+OOl

9.768-04 1
9.01E-04  1 7.66E-05  1 9.778-04

N
’cn + Concentrations are the 95th I upper boud of the sample date set

w NA - No valicl samples for anelysis period
NAV - Noi Availnbte

Concentration* Outdoor  Exposure Indoor Exposure Totnl  Exwsure Reference Cow.

t

Hazard Quotient

3EtOo
IE-01
IE-02
SE-02
2E-02

OEfOO
OE+%
3lx+m



TABLE A-2-63. CAMP THUNDEROCK
Non-Carcinogenic Risk - Inhulatloo  of Voiatiie  Organic Compouo&  (TOl) - July 1991

Concentration* Outdoor Exposure Indoor Exposure Total Exposure Reference Cone. Hazard Quotient

T o l u e n e
Ethyl Benzene
m,pXylene
u-Xylene
Heptane

h,
1 l Concentrations are the 95th 5% upper bound of the sample data  s&
z NA - No valid samplss  for analysis period

NAV - Not Available



.

TABLE A-244. CAMP TlWTWERoCK
Non-Carcinugeuic  Risk - Inhalation of Volatile Organic Compounds (TOl) - August 1991

Concentration* Outdoor Exposure Indoor Exposure Total Exposure Reference COIN. Hazard Quotient

Benzene
Toluene
Ethyl Benzene
m,pXy  teoe
u-Xylene
Heptaue

Ugh3
NA

3.7lE+OO 1.77E-r
5.1 IE-OI 2.4484
9.98E-01
3.1
6.4

Benze-
9

+ Concentrations are the 95th 56 upper bouud of the sample data set
NA - No valid samples for analysis period
NAV - Not Available



TABLE A-2-65. CAMP THWDEROCK
Non-Carcinogenic Risk - lohalalioo or Volatile Organic Compounds (TOl) - September 1991

Concentratl0t.P Outdoor Exposure Indoor Exwsure Total Exposure Reference Cow.
udm3 mg/kgday mg/kpiay m&kg-day 1. .

6.03E+OO 1 2.888-03 1 E-t-n
2.0lE+Ol 1
8.5
1.56EfQ!  L
5.91
1.6lEtOl 1

Hazard Ouotient

9.59E-iii
2.45E-04 3.12L __
B. lSE-04 I JME-02

3EtOOl 4.07E-03 3.468-04 4.4 1 E-03
7.448-03 6.338-W 8.07lM3

5E+OOl 2.848-03 2.428-M 3.088-03 -...- “.
7.69E-03 6.54E-04 8.348-03 NAV OE+OO

N A VO E + O O
Hamrd In&r = ZE+OO

Benzene
Toluene
Ethyl Benzene
m,pXyleoe
o-Xylene
Heptune

l Concentrations are the 95th % upper bound of the sample data set
NA - No valid samples for nnnlysis period
NAV - Not Aveileble



TABLE A-2-66. CAMP THUNDEROCK
NonCarcInogenic  Rhk - Inhalation of VoWe Organic Compounds (Tot)  - odober  1991

IBenzene
Toluene

Concentratloa* Outduor  Exposure Indoor Exposure Total Eqmsure Reference Cont. Hazard Quotient
ugIm3 mglkgday mglkg-day mglkgday m&day

6.08EtOO[ 2.9OE-031 2.47E-04 3.15E-03 1.5E-03 2EtO0
8.35EtO11 3.99E-021 3.39E-03 4.32E-02 l.lE-01 4E-01
06E+OOl 2.89E-03  1 2.4684 3.14E-03 2.9E-01 1E-02Ethyl Benzene 6.

m,pXylene 1.84E+Ol 8.80E-03
o-Xytene 7.83E+OO 3.738-03
Heptane 2.86E+Ol 1.378-02

l.OSE+Oo 5.l7E-04

+ Concentrations are the 954 % upper bound of the sample dak set

7.48E-04
3.18E-04
1.16E-03
4.40E-05

9.548-03 2.0E-01 SE-02
4.05E-03 2.OE-01 2E-02
1 a48E-02 NAV OEtG
5.6lE-04 NAV OE+OO

Hazard Index = 3E+OO

NA - No vatid samples for analy&-period
NAV - Not Available



TABLE A-Z-67. CAMP TWNDEROCK
Non-Carcinogenic Risk - inhulution  of Volatile Organic Compounds (Tot) - November 1991

Conceutration* Outdoor Exposure

;8E+O1  I

g-day
5.07B-03  I

8.97E-03  1

Indoor Exposure
mgfkg-day

4.31E-04
1 X8-02

1.46E-04
7.63E-04

uglm3 mg/k,
Benzene l.O6E+Ol
Toluene 3.39E+02 1.62E-0 1 1
Ethyl Benzene 3.6lEtOO 1.728-03  1
m,pXylene 1.8
o-Xylene 1.71EtOl 8.14E-03
Heptane l.lSEt02 5.61E-02

1.75E+OO 8.36E-04

y + Concentrations are the 95th 46 upper bound of the sample data set
2 NA - No valid samples for analysis period

NAV - Not Available

Toti Exposure

6.92EJl4
4.778-03

7. IlE-05

m&g-day
5 S0EJ.U
1.76E-oi
I .87E-O3
9.73E-03
8Ii3E-03
6.098-02
9.07E-04

Reference Cont. Hazard  Quotient
mglkgday

1 SE-03
l.lE-01
2.9E-01
2.OE-01
2.OE-01

NAV
NAV

Hazard Jndex =

4E+OO
2E+OO

6E-03
5E02
4E-02

OE+OO
OEtOO
SE+00



TABLE A-2#. AL AHMADI HOSPITAL
Non-Carcinogenic Risk - lahahtion of Vohtile Organic Compounds (TOl) - June 1991

concentration* Outdoor Exposure Indoor  Exposure Total Exwsure Reference Couc.
uglm3 mglkgday mdbday m & d a y w&-day

I 1.31EtOlI
OEtOl  1

Bazard Quotient

Tolueoe 3.6
Ethyl Benzene 4.12EtOl[ 1.97E-02
m,pXylene 1.16Et02 5.56E-02
o-Xylene 3.04EtOl I .45E-O2
Heplane 1.27EtO2 6.05E-02

p nsBenzene 4.4OEtOO 2.10E-03
I
y + Concentrations are the 95th % upper baud of the sample data set

5.3OE-04 1 6.76E-03 1 1.5E-03  1 5E+OO
1.468-03 1 t .86E-O2 1 LIE-011 A-01
1 v67E-03
4.738-03
I .238-03
S.lSE-03
I .79E#

- .-
2.13E-02
6nO3E-02
I e57E-02
6.57E-02
2.288-03

2.9E-01
2.0E-01
2.OE-01

NAV
NAV

Hazard Index =

7E-02
3E-01
8E-02

OE+OO
OEtOO
SE+00

1Benzene

g NA - No valid samples for andys~~period
NAV - Not Available

. ._



Aluminum
Arsenic
Beryllium
Calcium
Cadmium

P Chromium
A Iron
A Magnesium
ID Sodium

Nickel
Lead
Vanadium
Zinc

r

.

Concentration’ Outdoor Exposure Indoor  Exposure Total Exposure Slope Factor Risk
ugfm3

NA
mglkg-day m&kg-day

!
mglkgiday

O.OOE+OO]
(mgjkg-day)-1

O.OOE+OO~ OBOE+00 1 O.OE+OO  1 OE+oo
NA O.OOEtOO O.OOE+OO O.OOEtOO 1 SE+01 OEtOO-
NA O.OOE+OO OBOE+00 O.WEtOO 8.4EtW OEtOO
NA OBOE-#00 O.OOEtOO O.OOE+OO O.OEtOO OEtOO

l e348-02 7.76E-09 6.6OE-IO 8,42E-09 6.3Et00 SE-08
8.50E-02 4.92E-OS 4.18EXl9 5.348-08 4.2EtOl See Note

NA 0.OOE-t00 OBOE to0 O.OOEtOO O.OE+OO OEtOO

-1 Total Risk =I
* Concedrdons  are the 95th 5% upper bound of the sample data set
Note - No carcinogenic risk was determined for chromium. All chromium was determined to be trivalent (Cr(III)),  the non-carcinogenic form.

See discussion in Uncertainty Analysis section of the main report.
NA - No analysis performed for this anaiyte

NA 0,OOEtOO O.OOEtOO OBOEtOO O.OE i-00 OEtOO
NA 0,OOEtOO O.OOEt00 OBOE+00 O.OE to0 OE+OO

I. HE-01 6.66E-08 5.67E-09 7.238-08 8.4Eal 6E-08
6.6lE-01 3.836-07 3.25E-08 4. I5E-07 O.OEtOO OEtOO
7.228-01 4.18E-07 3.55E-08 4.54E-07 O.OEt00 OEtOO
3.248-O 1 1.878-07 I S9E-08 2.03Ea7 O.OEtOO OE+OO



l

TABLE A-2-70. KHOBAR TOWERS
Carcinogenic Risk - Inhalation of Parliculates  (PMlO) - June 1991

Concentration* Oufldoor  Exposure indoor Exposure Tolal  Exposure Slope Factor Risk

Aluminum
O.OOEtOO
O.OOE+OO

HE+00
2.34E-09
2.28E-08

_.--- _ --
O.OOE+OO
O.OOE+OO
O.OOEt00

I .99E-IO
I e94E-09  1

-.---. --
O.OOE+OO
O.OOEtOO
O.OOE+OO

2.54E-09
2.47E-08

OEt00
OEt00

2E-08
See Note

Arsenic
Beryllium
Calcium

P Cadmium
A Chromium
I Iron4

o Magnesium
Sodium
Nickel
Lead
Vanadium
Zinc

L -I-ora1 K~SK =I
* Concentrations are the 95th A upper bound of the sample data set
Note - No carcinogenic risk was determined for chromium. All chromium wasdetermined to be trivalent (Cr(IlI)), the non-carcinogenic form.

See discussion in Uncertainty Analysis section of the main report.
NA - No analysis performed for this analyte

I 2.11E-011 1.22E-07 1 1 .@I868 I 1.328-07  1 OE+Ml



TABLE A-2-71. KHOBAR TOWERS
Carcinogenic Risk - Inhalation of Particutates  (PMIO) - July I991

Aluminum
Arsenic
Beryllium
Calcium

p Cadmium
k Chromium
& Iron
w Magnesium

Sodium
Nldcet
&ad
Vanadium
Zinc

Concentration+ Outdoor Exposure Jndoor Exposure Total Gposure Slope Factor
Imgjkg-day)-I

O.OE+OO 11 OBOE+00 1 O.OOE+&)( O.OOE+OOI
I

O.OOE+lKlI O.OOE+OO~ -.-_- - - -.5E+OI OE+OO
NA I OBOE+00 1

1
OBOE‘+OOl O.OOE+OO~ 8.4E+OO 1 OE+OO

NA I O.OOE+OO  1 0.1OOE+OO1 O.OOE+W  1 O.OE+OOE-02 1 6.13E-09  1
1 OE+OO

I.061 5.2lE-101 6.658-09  1 -.-- . - - .-if%
X538-02 1 2.048-08 1 I .74E-O9 2.22E :-OS 1 4.2E+Ol 1 See Note

NA
1 -.OOEtOO O.OOE to0 O.OE+OO  ~- O&-O0

O.OOE+OO OBOE  to0 OBOE  i-00 O.OE+OO OE+OO
NA O.OOE+OO O.OOEtOO 0.001

uelm3 me/kg-d& me/kg-bav me/ke:dav
OE+OO

Et001 O.OE+OO 1 OE+OO
9.22E-09 l.lfiE47i_. _-- -. , 8.4E-01 I lE-07
4.268-08 5.43E-0‘7 I, O.OE+OO  I OE+OO
4.488-09 5.728-08 O.OEtOO OE+OO
9.748-09 1.248-07 O.OEtOO OE+OO

Total Risk = IE-07

1.87E-01  I
8.656-01
9, IOE-02
I .98E-O I

1 .OSE-O7  1
5.OIE-07
5.278-08
I. lSF$O7

* Concentrations are the 95th % upper bound of the sample data set
Note - No carcinogenic risk was deiermined  for chromiuh. All -chromium  was determined to be trivalent (Cr(III)),  the non-carcinogenic form.

See discussion in Uncertainty Analysis section of the main report.
NA - No analysis  performed for this analyte



TABLE A-2-72, KHOBAR TOWERS
Carcinogenic Risk - lnhtilation  of Particulates  (PMiO)  - August 1991

Concentration* Outdodr  Exposure Indoor  Exposure Total Exposure Slope Factor Risk

Aluminum
Arsenic
Beryllium
Calcium
Cadmium

p Chromium
y lron
;’ Magnesium

Sodium
Nickel
Lead
Vanadium
Zinc

* Concentrations are the 95th % upper bound of the sample data set
Note - No carcinogenic risk was determined for chromium. All chromium was determined to be trivalent (O(W)), the non-carcinogenic form.

See discussion in Uncertainty Analysis section of the main report.
NA - No analysis performed for this  analyte



TABLE A-2-73. KHOBAR TOWERS
Carcinogenic Risk - InhalaUon  of Particulate-s (PMlO)  - September 1991

Concen(ra0on* Ouldoor Exposure indoor Exposure Total  Exposure Slope Fat tar Risk

Aluminum
Arsenic
Beryllium
Calcium

B Cadmium
k Chromium
& Iron
w Magnesium

Sodium
Nickel
,-d
Vanadium
Zinc

uglm3 mglkg-day

I

mglkg-day mglkgiday
7.22E to0 1

(mg/kg-day)-1
4.18E-061 3 055E-07 4.546-06 O.OEtOO OE+OO

I 3 J7E-03  1 1.81E-IO 2.31E-09 1.5E+Ol 3E-OS
I ,38E-IO I .77E-09 8.4E+OOI 2.81E-03  1 I .63E

4.96E+Ol 2.87E-d5
6.71E-03 3.888-09
3.438-02 I .99E-O8

B.S’LE+OO 4.93E-06
1.29E+Ol 7.44E-06
1.12Et01 6.48E 5SlE47j

1.63E4Il 9.4lE-O@
7.54E-01 4.378-07 3.7lE-08 4.748-07 O.OE+OO OEtOO

’ 3.588-02 2.078-08 1.768-09 2.25E-Q8 O.OE+OO OE+OO
2.66E-01 I .54E-O7 I .3 1 E-08 I .67E-O7 O.OE+OO OE+OO

* Concentrations are the 95th % upper bound of the sampte data set
Note - No carcinogenic risk was determined for chromium. All chromium was determinerl  to be trivalent (Cr(lII)),  the non-carcinogenic form.

See discussion in Uncertainty Analysis section of the main report.
NA - No analysis perfo’rmei!  for this anatyte



TABLE A-2-74. KHOBAR TOWERS
Carcinogenic  Risk - inhalation  of Parhlah (PMlO) - October 1991

Aluminum
Arsenic
Beryllium
Calcium
Cadmium
Chromium
Iron
Magnesium
Sodium
Nickel
Lead
Vanadium
Zinc

ConcenIrallon@ Ouldoor  Exposure Indoor Exposure Total  Exposure Slope Factor Risk

‘-““‘“9i mgtkg-day

4.33E-Q!
2.9OE-04

3.398+03
2 e5OE-03
1 m95E-02

5.53Et00 3.20E-06
7.67EtOO 4.44E-06
6.8lEt00 3.94E-06

2.96E-06 2.52E-07 3.21E-I
2.5 IE-09 2.13E-10 2.’
1.68E-10 1.43E-I  1 IL-
1.96E-05 1.67E-06 2.13E-05
1.45E-09 1.23E- IO 1.57E-
1.13E-08 9AOE-  IO I .22E-

mglkg-day mgikg-day

-uli l 2.OOE-07 1 I .70Ea8 2.17E-3.458 ,
8.05E-01 4.66E-07

1.6lEu2 9.32E-09
1 m38E-01 8.0lE-08

(mgikg-dr

O.OE+Q

* Concentrations are the 95th ‘T upper bound of the sample data set
Note - No carcinogenic risk was determined for chromium. All chromium was determined to be trivalent (Cr(III)),  the non-carcinogenic form.

See discussion in Uncertainty Analysis section of the main report.
NA - No analysis performed for this analyte



TABLE A-Z-75. KHOBAR  TOWERS
Carcinogenic Risk - Inhalation of Partlculates  (PMlO)  - November 1991

Concentretlon* Outdoor Exposure Indoor Exposure Total Exposure Slope Factor Risk

Aluminum
Arsenic
Beryllium
Cal&m

p Cadmium
A Chromium
A Iron
w Magnesium

Sodium
Nickel
Lead
Vanadium
Zinc

I
ug/m3 mglkg-day mg/kg-day mglkgiday (mgjkg-day)-1

I 2.151
l.O3E+OO 5.96E-07 5.078-08 6.47Ea7 O.OE+OO OE+OO

!U3 1.248-09 I .06E-IO I .35E-O9 1SEtOI 2E-08
2.408-04 I .39E-  10 l.lSE-I  I l.SlE-IO 8.4E+OO lE-09

1.39EtOI 8.05E-06 6.848-07 8.738-06 O.OEtOO OEtOO
1.4713-03 1 8.5lE-10 1 7.248-l 11 9.238-10  1 6.3EWl 6E-09
%E-O3 4.178-09 3.54E-IO 4.52E-09 1 4.2EtOl See Note

1.36EtOO 7 B878-07 6.69E-OS 8.54E-07 1 O,OE+OO OEtOO
2.45EtOO I .428-06 1.2lE-07 I e54E-06  1 0.OE-t00 OEtOO
2.748 to0 I .59E-06 1.356-07 1.728-06 1 O.OEtOO OEtOO

5.748-02 3.32E-08 2.83E-09 3.6lEa8 1 8.4E-01 3E-08
6.69E-01 3.878-07 3.29E-08 4,20E-07 1 OBOE to0 OEM0
4.80E-03 2.78E-09 2.366-10 3.028-09_.._ 1 O.OE+OO OE+OO
I e76E-01 I .02E-O7 8.648-09 I. lOE-07 O.OE+OO OE+OO

I
* Concentrations are the 95th I upper bound of the sample data set
Note - No carcinogenic risk was determined for chromium. All chiomium was determined to be trivalent (Cr(III)),  the non-carcinogenic form.

See discussion in Uncertainty Analysis section of the main report.
NA - No analysis performed for this analyte



TABLE A-Z-7k.  CAMP 1
Carcinogenic Risk - InhalsUon  of Particulates  (PMlO)  - May 1991

Aluminum
Arsenic
Beryllium

~ Cal&m
1 Cadmium
;’ Chromium
i I r o n

Magnesium
Sodium
Nickel
Lead
Vanadium
Zinc

Concenhation’ Outdoor  JZxposure Indoor  Exwure Total Exposure Slope Factor Risk

I uglm3 mglkg-day mgikg-day mgf kg-day (mg/kg-day)-1
NA O.OOEtOO O.OOE  to0 OBOE+00 O.OEtOO OEtOO
NA O.OOE+OO O.OOEtOO 0.OOEtOO lSE+Ol OEM0
NA O.OOEtOO O.OOEt00 O.OOE  to0 8.4E-t00 OEt#
NA OBOE-t00 O.OOEt00 O.OOEtOO O.OE to0 OEtOO

I m24E-02 7.20E-09 6.12E-IO 7.8lE-09 6.3EtOO 5E-08
7.09E 4.lOE-08  I 2E+Ol See Note3.49E-09 4.45E-08 4.L . - - - -- - - --

NA I OBOEtOO) OBOE to0 O.OOEt00 O.OE i-00 OEM0
NA OBOE+00  1 O.OOEtOO 0.OOEtOO O.OEtOO OEtOO

I NA O.OOEtOO~ O.OOEt001 O.OOE+OO 1 0.-.OE+OO OEtOO
1 b76E-01 1 Sl2E-07 8.66E-09 i.llE-07 8.4E-01 9Ea8
8.75E-O! 5 . 0 7 E - 0 7 4.3 IE-08 5.50E-07 O.OE+OO OEtOO
8.98E-02 5.20E-08 4.42E-09 5.64E-OS O.OE+OO OEtOO
I .93E-O I I .12E-O7 9.50E-09 1.21E-07 O.OE+OO  t OE+OO

t lotal KlSK =1
* Concenwations  are the 95th 96 upper bound of the sample data set
Note - No carcinogenic risk. was determined for chromium. All chromium was determined to be trivalent (Cr(III)),  the non-carcinogenic form,

See discussion in Uncertainty Analysis section of the main report.
NA - No analysis performed for this analyte

Il!#/
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TABLE A-2-77. CAMP i
Carcinogenic Risk - Inhalation of Particulates  (PMlO)  - June 1991

Concentration* Outdoor Exposure Zndour Exposure Total Exposure Slope Factor Risk

Aluminum
Arsenic
‘Beryllium
Calcium
Cadmium
Chromium
Iron
Magnesium
Sodium
Nickel
Lead
Vanadium
Zinc

uglm3
NA

mgtkg-day
!

mglkg-day
O.OOEtOO1

mg/kg-day (mgikg-day)-1
O.OOEtOO~ O.OOE+OO 1 O.OEtOO( OEtOO

F-
NA
NA
NA

7.768-03
1.38E-01

NA I=
O.O0E+OO]

I NA I 0.00

;

O.oOE+OO O.oOEtOO
. OBOE+00 0.00Et00

OBOE i-00 O.OOEtOO
3.828-10 4.87E-09
6.818-09 8.69E-08

. O.OOEtOO O.OOE+0(1
E+OOI O.OOE+OO  I

O,OOEtOO(
O.OOE+OO 1

OE+OO
OEM0
OE+OO

3E-08
See Note

I)I?+IW)
O.OEtOOl

O.OOEtOO O,OE+OO
8.24E-08 8.4Ea)1

OEtOO

2.90Ea7 1 O.OEtOO I OEtOO
3.89848 1 O.OEt00

8.21E-081 O.OE+OO

* Concentrations are the 95th % upper bound of the sample data set
Note - No carcinogenic risk was determined for chromium. Ail chromium was determined to be trivalent (Cr(III)),  the non-carcinogenic form.

See discussion in Uncertainty Analysis section of the main report.
NA - No analysis performed for this analyte



TABLE A-2-78. CAMP 1
Carcinogenic Risk - Inhalation of Particutates  (PMlO)  - July 1991

Concen tra tIon* Outdoor  Exposure Indoor Exposure Total Exposure Slope Factor Risk

Aluminum
Arsenic
Beryllium
Calcium

ug/m3
NA
NA
NA
NA

mnglkg-day mglkg-day mg/kg-day
O.OOEtOO 1

(mgkg-day)-l
O.OOEtOO] O.OOEtOO~ OEtOO

o.oc-  . -- (lE+a-lOI O.IIIIE+nnI
O.OE+OO ]

-.---.  -- Cl lWlE+nr,II.--- . 11, 1 cl?+01  11.11. OEM0
O . O O E t O O ] ’ ~O.OOE+OO~ O.OOEtOOj 8.4EtMl nE+M

Cadmium
Chromium
Iron
Magnesium
Sodium
Nickel
L a d
Vanadium
Zinc

I O.OOEtOO 1 O.OOE  to0 O.OOE to0 O.OE too oe+oo
091 I .OtE-10 I .29E-O9 6.3E to0 8E-09

1 I.IOE-09~-.--- -_ I._ .4OE-O8 4.2EtOI See Note

I NA O.OOEtOO~  _ 00 OEM0
NA I 0.N)EtMl]

W!E+Wl O.OOEtti  1
O.OOEtOO] O.OOEtOO] O.OE to0 OEtOO

lo1 O.nnE+nnI n nE+fm m-cm

2.OSE-03 1 1.19E-
2.23E-02  1 1.29E-08 1

-.-_
NA O.OOEtOO O.OOEtO- -.---. - - 1.11 , 1- “I . YY

1.72E-M 9.95EU8 8.466-09 1 .OSE-07 8.4E-01 9E08
5.63E-03 X268-07 2.778-08 3.54Ea7 O.OEtOO OEM0
2.54E-02. 1 a47E-08 1 a2SE-09 1 HlE-08 O.OEtOO OEtOO
3.85E-02 2.23E-O8 I .90E-09 2.42E-08 O-oE+nn OE+CWI

L 'I'OM Klsk =I
* Concentrations are the 95th % upper bound of rhe sample data set
Note - No carcinogenic risk was determined for chromium. All chromium was determined to be trivalent (Cr(III)), the non-carcinogenic form,

See discussion in Uncertainty Analysis section of the main report.
NA - No analysis performed for this zinnalyte
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TABLE A-2-79. CAMP 1
Carcinogenic Risk - Inhalation of Particulates  (PMlO) - August 1991

r

uglm3
4.12E  t-00

2.38E-03
3.81F3-03 I

Concentration*

-.---

2.53E tOI
2.748-03
3.74E-02

5.37E-t00
4.69Et00

Indoor Exposure
mglkg-day

2.038-07
1.17E-10
1.88E-IO

Outdoor Exposure
m&kg-day

2.39EXM
1.388-09
2.21EiW  1
1.461E-OS I
t .59E#
2. I7Ea8
3.11E-06
2.728-06

Total Exposure Slope Factor I

Im20E-06
I sOSE-08

I a258-06 I

4.12E-08
t.14E-09

1.35E-101

7.28849

1 a84F.m 1
2.64L -. ,
2.31Ea7 [

1.54Ea5_,

mglkg:day

I e34E-07

2.598-M

1 S9E-05  1

5.26E-07
1.46E-08

I a498-09

1.728-09  1

2.39E-09

3 lcFnnI
-.-.- --
2.958-06  [

Risk

L

O.OE+OO

- -

OEtOO

- -

(meike-da&!

8.4E-01 lE-07

O.OEtOO

O.OEtOO

O.OE i-00

OEtOO

OEtOO

OEtOO
O.OEt00

6.3Et00

1.5E+OI

OEtOO

2E-08

lE-08

O.tX+cwI IIF.+CWI

4.2EtOl

8.4E+00

See

2E-08

Note-
0.OE-k00 OE+OO
O.OEtOO OEtOO

Aluminum
Arsenic
Beryllium
Calcium

p Cadmium
k Chromium
A Iron
\D Magnesium

Sodium
Nickel

L e a d
Vanadium
Zinc

I 2.4SE  to1 1 1 a42E-05  1
2.14E-01 I w248-07
8.37E-01 4.85E-07
2.32E-02 1.348-08

I 1.48E-01 1 8.568-08  1

* Concentrations are the 95th % upper bound of the sample data set
Note - No carcinogenic risk was determined for chromium. All chromium was determined to be trivalent (Cr(IlI)), the non-carcinogenic form,

See discussion in Uncertainty Analysis section of the main report.
NA - No analysis performed for this analyte



TABLE A-2-80. ESKAN  VILLAGE
Carcinogenic Risk - Inhalation of Parllculates  (PMlO)  - June 1991

Atuminum
Arsenic
Beryllium
Ca lclum
Cadmium
Chromlum
Iron
Magnesium
Sodium
Nickel
Lead
Vanadium
Zinc

Concentration* Outdoor Exposure Indoor  Exposure Total Exposure Slope Factor Risk

I NA

O.OOE+OO!

5.r
4.53E-02 2.

NA O.CKlE+l
NA O.OOE+OO 1
NA

5.66E-02 3.21
1.6OE+OO 9.248-07  1

O.OOE+ti  r

* Concentrations are the 95th 95 upper bound of the sample data set
Note - No carcinogenic risk was determined for chromium. All chromium was determined to be trivalent (Cr(llI)),  the non-carcinogenic form,

See discussion in Uncertainty Analysis section of the main report.
NA - No analysis performed for this analyte



TABLE A-2-81. ESKAN VILLAGE
Carcinogenic Risk - Inhalation of Particulates  (PMIO)  - July 1991

Concentratione Outdoor Exposure fndoor Exposure Total Exposure Slope Factor Risk

Arsenic
Beryllium
Calcium

Aiumlnum
mglkg-day mglkg-day (mg/kg-day)-1

I NA I OBOE+00 1 O.OOE+OO O.OOE+OO O.OE+OO OE+OO
OBOE+00  1 O.OOE+W O.OOE+OO 1 SE+01 OE+OO

0.0OE+oO OBOE-I-00 8.4EtOO OE+OO
NA
NA O.WEt001
NA O.OOE+OO 1 O.nnE+onI O.IW)E+tM  1 n.nE+nn  I

p Cadmium
k Chromium

1.’
2SOEXI2 1

L- N!

3OE-03  1

I

61E-011

-.--- -- -.---. -- -.-- . -- OE+OO
7.53E-IO 6.4OE-  11 8. t7E-10 6,3E+OO 1 5E-09
I .45E-08 I .23E-09 1 J78-08 4.2E+Oi  1 See Note

O.OOEt00 O.OOEtOO 0.OOE-t00 O.OE+OO  1 OEtOO
OBOE+00 A!#?- m:+OOl O.OOE+OO  1 O.OE+OO  1 OE+OO

OBOE+1Do OBOE+00 O.OE+OO OE+OO
9.328-08 1 7.938-09 1.01E-07 8.4E-01 SE48

2 Magnesium NA
Sodium NA O.OOE+OO I
Nickel 1.1
Lead 1.5!
Vanadium I nOlE-02 1 5.858-09 1 4.97E-10 1 6.348-09 1 0.l

A Iron

9E+OO I 9.18E-07  I 7.8tE-OS  I 9.968-07  1 o.OEtoo OE+OO
3E+OO OE+OO

82E-01 1 1.06E-07 1 8.97Ea 1 1.15E-07 1 O.OE+OO OE+OO

I 10181  MSK =I
* Concentrations are the 95th 96 upper bound of the sample data set
Note - No carcinogenic risk was determined for chromium. All chromium was determined to be trivalent (Cr(llI)), the non-carcinogenic form,

See discussion in Uncertainty Analysis section of the main report.
NA - No analysis performed for this analyte



TABLE A-2-82. ESKAN VILLAGE
Carcinogenic Risk - Inhalation of Pacticulates  (PM101  - August 1991

Concentration* Outdoor Exposure Indoor  Exposure Total Exposure Slope Factor Risk

Aluminum
Arsenic
Beryllium
Calcium
Cadmium
Chromium
Iron
Magnesium
Sodium
Nickel
LRBd
Vanadium
Zinc

* Concentrations are the 95th 96 upper bound of the sample data set
Note - No carcinogenic risk was determined for chromium. Ail chromium was determined to be trivalent (Cr(llI)), the non-carcinogenic form.

See discussion in Uncertainty Analysis section of the main report.
NA - No analysis performed for this analyte



TABLE A-2-83. KKMC
Carcinogenic Risk - Inhalation of Parhulales (PMlO)  - May 1991

Concentration@ Outdoor  Enwsure Indoor Exposure Total Exposure Slope Factor Risk
mg/kg-day

O.OOE+OO~
mg/kg-day

O.OOE+OO~
mglkg-day (mglkg-day)-1

O.OOE+OO) O.OEtOO1 OE+OO
0.OOE-t00  1 ISEt 1 OEtOO

Alumlnum
Arsenic
BeryHium

3~ Calcium
k Cadmium
& Chromium
W Iron

Magnesium
Sodium
Nickel
Lead
Vanadium
Zinc

i- lOIB1 KISK =)

* Concentrations are the 95th % upper bound of the sample data set
Note - No carcinogenic risk was determined for chromium. All chromium was determined to be trivalent (0(W)),  the non-carcinogenic form.

See discussion in Uncertainty Analysis section of the main report.
NA - No analysis performed for this analyte



TABLE A-2-84. KKMC
Carcinogenic Risk - Inhalation of Particulates  (PMiO) - June 1991

Concentration* Outdoor Exposure Indoor Exposure Total Exposure Slope Factor Risk

D9E-03
D2E-02

2.51E-10
1.498-09

MOE+00
O.OOEtOO
O.OOE+OO

I

Aluminum
Arsenic
Beryllium
Calcium

p Cadmium
I Chromlumh,
I Iron
g Magnesium

Sodium .
Nickel

87E-011 1 .OSE-O7 1
91E42  1 1.68E-08 I

Lead I *1
Vanadbn 2.!
Zinc 5.598-02  1 3.24E-08  1

* Concentrations are the 95th I upper bound of the sample data set

9.218-09
I .43E-09
2.75E-091 3.51

OBOE+00
9E-08

f.17E-07
I .838-08

IE-08

6.3EtOO
4.2E+Ol
O.OE+OO
O,OE+OO
O.OE+OO

8.4E-01
O.OE+OO

O.OEtOO
O.OE+OO

SeeE Note
OE+OO
OEtOO
OE+OO

3E-08
OEM0
OEtOO
OEtOO

Note - No carcinogenic risk was determined for chromium. AH chromium was determined to be trivalent (Cr(lII)), the non-carcinogenic form,
See discussion in Uncertainty AnaIysis  section of the main report.

NA - No analysis performed for this anaiyte



TABLE A-2-85, KKMC
Carcinogenic Risk - Inhalation of Particulate (PMlO)  - July 1991

Concentration* Outdoor Exposure Indoor Exposure Total  Exposure Slope Factor Risk

Aluminum
Arsenic

Beryllium
Calcium

w Cadmium
k Chromium
I Iron
z Magnesium

Sodium
Nickel
Lead
Vanadium
Zinc

uglm3

I

mgikg-day mglkg-day mglkg-day
O.OOEtOO] O.OOEtOO)

(mglkg-day)-  I-
NA OBOEtOO) 0.OEtOO OEtOO
NA OBOE to0 OBOE+00 O.OOE+OO 1.5E+Oi OE+OO
NA O.OOEtOO OBOE i-00 O.OOE+OO 8.4E i-00 OE+OO
NA O.OOEtOO OXlEt O.OOE+OO O.OE to0 OEt00

3.45E-03 2.OOE-09 1.70E-IO 2.17E-09 6.3E to0 lE-08
I e948-02 1.12E-08 9.SSE-10_.--- _- 1 22EXl8 ~ 4,2E+Ol See Note

NA O.OOE+OO/ I 0'OE+lMla--, -- lX+i-Kl
NA
NA E

O.OOEtOO
O.OOE+OO
O.OOEtOO

t b52E-01
i.77E-01
lhi4E-02
7.27E-02

7.49E-09
8771E-09
5.61E-IO
3.58E-09 O.OE+IK)

* Concentrations are the 95th 96 upper bound of the sample data set
Note - No carcinogenic risk was determined for chromium. All chromium was determined to be trivalent (Cr(lll)), tbe non-carcinogenic form.

See discussion in Uncertainty Analysis section of the main report.
NA - No analysis performed for this analyte



TABLE A-2-86. KKMC
Carcinogenic Risk - Inhalation of Partlculates  (PMlO) - August 1991

‘Concentration* Outdoor Exposure indoor  Exposure Total Exposure Slope Factor Risk
,113

.89E+OO

Beryllium 3.
Calcium 2,13E+Ol 1 1.23E-05  1 1 .OSE-

’ Cadmium 1.
’ Chromium 1 J3E-02 8,81
: Iron 3.18E+Otl 1

Magnesium 3.77E+OO 2.18E-061 1 m86E-07 2.37E-06 1 0.
Sodium l&E+01 8.3
Nickel 2.8OE-02 1.628-08
Lead 2.93E-01 I .70EU7 1.44E- .
Vanadium 5.508-09 4.688-10 1 5.97E-09 1 0.

Aluminum
Arsenic

* Concentrations
Note - No carcinogenic risk was determined for chromium. All chromium was determined to be trivalent (Cr(lIl)), the non-carcinogenic form.

See discussion in Uncertainty Analysis section of the main report.
NA - No analysis performed for this analyte



TABLE A-2-87. MlLlTARY HOSPlTAWCAMP  FREEDOM
Carcinogenic Risk - Inhalation of Particulates  (PMlO) - May 1991 ;

ConcentraUon@ Outdoor Exposure Indoor Exposure Total Exposure Slope Fat br Risk
ughn3

Aluminum
Arsenic

NA I 0.
NA Q.OOE+1

Beryllum
Ca Mum
Cadmium
Chromium

mgtkg-day
sBOE+OO

-_---. K-l
wE+y

mg/kg-day mglkg-day (mg/kg-day)-1
O.OOE+OO 0.00EtOO O.OE+OO OE+OO
WOE+00 0.OOE+OO l.SEtO! OE+OO
O.OOE+OO O.ooEtoo 8*4E+oO OE+OO

NA

17E-02
12E-02

30
6.17E-09
3.668-08

O.OE+Mi

OBOE+00
5.248-10
3.11E-09

O.iWE+lKI

O.OOE+OO
6.69849
3.97E-08

0 nm?+nn

O.OEtOO
6.3E  to0
I.ZE+Ol
n nl?+-(X\IroIl -.--- .  - - - . - - -  _ - - -.--- . -- -.I- . -1

Magnesium NA O.OOE+OO O.OOE+OO O.OOE+OO O.OEtOO
Sodium NA 0,OOEtOO OBOE+00 OBOEtOO O.OE+OO
Nickel 9.72842 5.63E-08 4.78E-09 6.11E-08 8.4E-01
Lead 3.80E-01 2.20E-07 1.87EJIS 2.39E-07 O.OEt00
Vanadium 8.53E-02 4 B94E-08 4.20E-09 5.36E-08 O.OE+OO
Zinc 1.03E-01 5.988-08 5.09E-09 6.49E-08 O.OEtOO

i Total Risk =
* Concentrations are the 95th % upper bound of the sample data set
Note - No carcinogenic risk was determined for chromium. AH chromium was dete’rmined to be trivalent (Cr(III)),  the non-carcinogenic form.

See discussion in Uncertainty Analysis section of the main report.
NA - No analysis performed for this analyte

OE+OO
4E-08

See Note
n\F +nn“l . “V
OEM0
OE+M.

5E-08
OE+OO
OE+OO
OE+OO

9E-08
A



TABLE A-2-88. MILITARY HOSPITAL/CAMP FREEDOM
Carcinogenic Risk - Inhalation of ParUculates  (PMlO)  - June 1991

Concentralon* Ouldoor  Exposure Indoor Exposure Total Exposure Slope Factor Risk

Aluminum
Arsenic
Beryllium
Calcium
Cadmium
Chromium
iran
Magnesium
Sodium
Nickel
lead
Vanadium
ZIIIC

mgikg-day
O.OOE+OO~

mglkg-bay
O.OOE+OO
O.OOE+OO

mglkgiday (mg/kg-day)-1
O.OOE+OO O.OE+OO OEtOO
O.OOE+OO I SE+01 OE+OO

c 1.4E-02J.J

8.218-02

16E-07
3.09E-08
4.75E-08

2.94E-08
2.638-W
4.048-09

. 3.76E-07
3.358-08
5. I6E-08

O.OE+OO
O.OE+OO
O.OE+OO

Total Risk =

OE+OO
OE+OO
OE+OO

lE-07
* Concentrations are the 95th % upper bound of the sample data set
Note - No carcinogenic risk was determined for chromium. All chromium was determined to be trivalent (Cr(IlI)),  the non-carcinogenic form.

See discussion in Uncertainty Analysis section of the main report.
NA - No analysis performed for this analyte



TABLE A-2-89. MILtTARY HOSPITAL/CAMP FREEDOM
Carcinogenic Risk - Inhalation of Parliculates  (PMlO) - July 1991

Concentration+ Outdoor Exposure Indoor Exposure Tolal J3xposure Slope Factor Risk

Aluminum
Arsenic
Beryllium
Cakium

7 Cadmium
hi Chromium .
dD Iron
UJ Magnesium

Sodium
Nickel
Lsad
Vanadium
ZhlC

* Concentrations are the 95th % upper bound of the sample data set
Note - No carcinogenic risk was determined for chromium. All chromium was determined to be trivalent (Cr(HI)),  the non-carcinogenic form.

See discussion in Uncertainty Analysis section of the main report.
NA - No analysis performed for this analyte



TABLE A-2-90. MJLJTARY HOSPITAL/CAMP FREEDOM
Carclnogenlc  Risk - Jnhatation of Partkulates  (PMIO)  - August 1991

Concentration* Outdoor JIxposure Jndoor  JMosure Total Jbposure Slope Factor Risk

Aluminum
Arsenic
Beryllium
Calcium
Cadmium
Chromium
Jron
Magnesium
Sodium
Nickel
Lead
V a n a d i u m

7.43E+OO 4.31
2.768-03
I.

5.01E+01/ 2.!
4.03E-03 1 2.3:
8.

8S
l.l4E+Ol~ 6.6lE-061
1.7:

1 JSE-01 9.73E-08 1 8.27E-09
4.12E-01 2.3FnT  ’

1

3.20E-02 I .8!
Zinc

* Concentrations are the 95th % upper bound of the sample data set
c

Note - No carcinogenic risk was determined for chromium. All chromium was determined to be trivalent (Cr(IIl)), the non-carcinogenic form.
See discussion in Uncertainty Analysis section of the main report.

NA - No analysis performed for this analyte



TABLE A-2-91. MILITARY HOSPITAL/CAMP FREEDOM
Carcinogenic. Risk - Inhalation of Particulates  (PMlO) - September 1991

Concentration* Outdoor Exposure Indoor Exposure Totat  Exposure Slope Factor Risk
ug/ms

9.10E+OO
3.99E-03
6.088-03

mg/kg-day mglkg-day mglkg-day
5.27E-06 1

(mg/kg-day)-1
4.488-07 1 5.728-06 1

1
O>OE+00 1 OE+l-Nl-

2.31E-09 1.96E-10  1 2.5iE-09
3.528-09 1 2.99E-10 1 3.82E-09 1

)3E+OI
+

2.858-05 I 2.43E-06 3.10E-05
IOE-03 2.84E-09 2.4fE-10 3.08E-09

09 2.89848

4.!
4.5
4.608-02 2.66E-08 2.26E-1 .

l.t4E+OI 6.58E-06 5.59E-07 7.14E-06 O.OE+OO OE+W
1.15E+01 6.688-06 5068E-07 7.25E-06 O.OE+OO OE+OO
2.7lEtOl J S7E-05 1.34E-06 ! .70EXI5 O.OE+OO OE+OO

1 a75E-01 I nOtE-07 8.6iE-09 1.10E-07 8.4E-01 9E-08
6.82E-01 3.958-07 3.368-08 4.28E-07 O.OE+OO OEtOO
4.13E-02 2.39E-08 2.038-09 2.598-08  _ O.OE+OO OE+OO
8.17Ea2 4.73E-08 4.026-09 5.13E-08 O.OE+OO OE+W

Aluminum
Arsenic
Beryllium
Calcium

~ Cadmium
I Chromium
y Iron
z Magnesium

Sodium
Nickel
Lead
Vanadium
Zinc

* Concentrations are the 95th % upper bound of the sample data set
1 .I-otaI  Kwc =I

Note - No carcinogenic risk was determined for chromium. All chromium was-determined to be trivalent (Cr(lll)), the non-carcinogenic form.
See discussion in Uncertainty Analysis section of the main report.

NA - No analysis performed for this analyte

;Lw7



TABLE A-2-92. MILITARY HOSPITAL/CAMP FREEDOM
Carcinogenic  Risk - Inhalation of Particulates  (PMlO) - October 1991

Concentration* Out door Exposure Indoor Exposure Tot al Exposure Slow Factor Risk

Aluminum
Arsenic
BerylIium
Calcium

p Cadmium
A Chromium
& Iron
w Magnesium

Sodium
Nicket
Lead
Vanadium
ZiIW

* Concentrations

ughn3
3.63E+tM

1 &E-O3
II5.20E-B .

1*68E+011
t .48E

mglkg-day
2.IOE-061
8.391S-10(
3.01E-101
9.73E-06  1

mglkg-day
I, 79EU7 1
7.14E-111
2.%E-1  I 1-.--- - -
8.27E-07  1

mg/kgIday (mikg-day)-1
2.28Ea 1 O.OE+OO OEtoo

E+oI lE-08
1,m.w  l., V.7” DO 3E-09

I n nl

Note - No carcinogenic risk was d&mined for chromiim. All chromium was determined to be trivalent (Cr(lIl)), the non-carcinogenic form.
See discussion in Uncertainty Analysis section of the main report.

NA - No analysis performed for this analyte



TABLE A-Z-93. MILITARY HOSPITAL/CAMP FREEDOM
Carcinogenic Risk - Inhalation ol Particulates  (PMIO) - November 1991

Concentration* Outdoor Exposure Indoor Exposure Total Exposure Slope Factor Risk
‘- day)-1

- - -  - - 3.OE to0 OEtOO
ME-WI I SE+01 2E-08

Aluminum
Arsenic
Beryllium

~ Cafcium
I Cadmium
y Chromium
z Iron

Magne4um
Sodium
Nickel
Lead
Vanadium
Zinc

6.51E-01 3.77E-07 3.20808 4.09E-07 O.OE+OO bE-t-00
7.80E-03 4.52E-09 3.84E-10 4.90E-09 O.OE+OO OE+OO
5.35E-02 3.10E-08 2.638-09 3.36848 O.OEtOO OEtOO

1 ma.-.. I /- II
1. l-0181 KlSK =)

* Concentrations are the 95th % upper bound of the sample data set
Note - No carcinogenic risk was determined for chromium. All chromium was determined to be trivalent (Cr(III)), the non-carcinogenic form.

See discussion in Uncertainty Analysis section of the main report.
NA - No analysis performed for this analyte

blt.411



TABLE A-2-94. U.S. EMBASSY, KUWAIT
Carcinogenic  Risk - Inhalation of Particulate  (PMIO)  - May 1991

Aluminum

osure Indoor ExposureConcentrallon+ Outdoor Exp
ug/m3 mglkg-da

1 N A I 0.1
Arsenic
Beryilium
Calcium

“; Cadmium
y Chromium
2 Iron

Magnesium
Sodium
Nickel
Lead
Van&i urn

“I1

ME-02 1 4.45E-08  1 3.7REAw  I 41

N A
M A
N A 0.1

I  ME-02 6.llE-091 5.20E-IO  1
7.t

N A 0.1 .--J+OO 1
N A 0.1DOE+00  1 O.OOE+OO1
N A O.OOE+OO  1 n.mm+rln  I

I 1 -.--- -- ,
s:iaE-or 4.78E-07 4.07E-08 1
1.18E-01 6.858-08

Y
-boE+oO
O.OOE+OO
O.OOE+OO

WE-t-00

I
DOE+001

-.--- -- -.-w- . v..i9E-011 O.OE+W9.238-08 1 7.858-W 1 O.OOEtOO~ 1, 1

51838-09 5.19E-07  7.448-138  1 1 0.0 n.4
17E-011 8.48E-08 1 7 21E-00

Total Exposure Slope Factor Risk
mglkg-day

O.OOEt00
O.OOE+OO
O.OOE+OO
O.OOE+OO

-.~-- 1-
OBOE

mg/kg-day (mgikg-day)-1
O.OOEtOO( O.OE+CKl OE4-00
O.OOE+OOj I SE+01 OEtOO

O.WE+OO) .8,4E+OO OEM0
O.OOE+OO 1 O.OE+OO QEtOQ

6 63E-091 6.3E+Oo 4Ea8
r .BZE-OS 1 4.2EtOl S e e  N o t e
WIE+IW)  1 n w+oo OE+OO

I -.-- 00 OE+OO
OE+OO

JIOE-07 1 ~~~~ R.4E-01 I 8E-08
R+OO  I OEtOO

. . .- -_
0 %W-tlR  i

-JE+OO
O.OE+OO

Total Risk =

OEtOO
OEtOO
lEo7

* Concentrations are the 95th I upper bound of the sample data set b

Note - No carcinogenic risk was determined for chromium. All chromium was determined to be trivalent (CQII)), the non-carcinogenic form.
See discussion in Uncertainty Analysis section of the main report,

NA - No analysis  performed for this analyte



TABLEA-2-95.  U.S. EMBASSY, KUWAIT
Carcinogenic Risk - Inhalation of Particulates  (PMlO) - June 199 1

Concentration* Outdoor Exposure

Aluminum
Arsenic
Beryllium
Calcium

uglm3
N A
N A
N A
NA

mg/kg-day
O,OOE+OO
O.OOE+OO
OBOE to0
OBOE+00

Indoor Exposure Total Exposure Slope Factor Risk

--_-_-__-
w Cadmium
k Chromium
& Iron
m Magnesium

Sodium
Nickel
Lead
Vanadium
Zinc

mgikg-jay
O.OOE+OO
OBOE+00
0.OOE-t00
O.OOE+OO

mg/kg:da y (mg;kg-day)-1
O.OOE+00 O.OE+OO OE+OO
O.CIOE+OO 1.5Et01 OEtOO
O.OOEtOO 8.4EtOO OE+OO
O.OOEtOO O.OE+OO OE+OO

* Concentrations are the 95th % upper bound of the sample data set
Note - No carcinogenic risk was determined for chromium. All chromium was determined to be trivalent (Cr(lII)), the non-carcinogenic form.

See discussion in Uncertainty Analysis section of the main report.
NA - No analysis performed for this analyte



TABLE A-2-96. U.S. EMBASSY, KUWAIT
Carcinogenic Risk - lnhalation of Particulstes  (PMlO)  - July 1991

Concentration* Outdaor  Exposure Indour  Exposure Total Exposure Slope Fat tar Risk

Abminum
Arsenic
Beryllium
Cslcium

p Cadmium
k Chromium
& h-on
a Magnesium

Sodium
Nickef
Lead
Vanadium
Zinc

I

ughn3 mglkg-day mgikg-day mglkg-day (mgjkg-day)-1
N A ' 1 O.OOE+OOj O.OOE+OO] 0.ooE+oo  1 O.OEtOO1 OE+OO
N A ! O.OOE+OO  1 O.OOE+OO~ O.OOE+00  1 1 SE+01  1 OEt00
N A O.OOE+OO O.OOE+OO O.OOE+OO 8.4E-tOO OE+OO
N A OBOE+00 O.OOE+OO OBOEtOO O.OEtOO OEtOO

7.80E-03 4.526-09 3.84E-10 4.90E-09 6.3E+OO 3E-08
8.98E-02 5.20E-08 4.42E-W 5.64E-08 4.2E+Ol See Note

N A O.OOE+OO O.OOEtOO OBOE+00 O.OE+OO OE+OO
N A O.OOEt00 O.OOE+OO O.OOEt00 O.OE+OO OE+OO
N A O.OOE+OO  1 O.OOE+OO( O.OOE+OO) O.OE+OO) OE+ti

2.67861 1.558-07 1 n32E-08 1 a688-07 8.4E-01 IE-07
2.19Eal 1 m278-07 I .08E-O8 I m388-07 O.OE+OO OE+OO
6.77E-02 3.92E-08 X338-03 4.25E-08 O.OE+OO OEtOO

i 1.19E-01 6.9lE-08 5.87E-09 7 AOE-fM nmst-ub nF;rful

* Concentrations are the 95th % upper bound of the sample data set ‘1

Note - No carcinogenic risk was determined for chromium. All chromium was determined to be trivalent (Cr(III)), the non-carcinogenic form.
See discussion in Uncertainty Analysis section of the main report. .

NA - No analysis performed for this analyte



TABLE A-2-97. CAMP THUNDEROCK
Carcinogenic  Risk - InhaIation  of Partkulates  (PM101  - June 1991

Concentra0on* Outdoor Exposure Indoor Exposure Totat Exposure Slope Factor Risk

Alumlnum
Arsenic
Beryllium
Calcium

P Cadmium
k Chrqmium
& Iron
--I Magnesium

Sodium
Nickel
Lead
Vanadium
Zinc

I NA O.OOE+OO1 O.OOE+OO  1 O.OOE+OO  1 I .SE+Oii CI

uglm3

L

mg/kg-day mglkg-bay mglkgiday (mg/kg-day)-1
NA OXME+  1 O.OOE+OO( O.OOE+OO  1 O.OE+OO 1 OE+QO

-081 3.02E-09  1 3.86E-08 O.OE+OO OE+OO
O.OEtOO OE+OO

ml .II.. mm **
L -l-otal KKK =I

* Concentrations are the 95th $6 upper bound of tbe sampte data set
Note - No carcinogenid risk was determined for chromium. All chromium was determined to be trivalent (Cr(W)),  the non-carcinogenic form.

See discussion in Uncertainty Analysis section of the main report.
NA - No analysis performed for this analyte



TABLE A-2-98. CAMP’---- _.____ --__
Carcinogenic Risk - tnhalation  of Particulab (PMIO)  - July 1991

ConcenIration* Outdoor Exposure Indo0r Exposure
uglm3 mglkg-day rr

Aluminum I NA I fii-WF+Mi

Todal  Exposure

1.111  . “V O.OOEt00 0.00E+00
n-WE+00 O.OOE+OO OXMEt

OE+OO , O.OOE+OO O.noE+lW)
u.wOEt00 O.OOE+OO.-- - - * ..-- .^

/kg-day mglkg-dayI (mglkg-day)-1
O.OE+OO(  ~~ OEtOO
I g*-
RA---. - -

O.OOEtOO
4.858-09
5.34E-OB

OBOE+00

Arsenic N A -. -
Bery Hium N A 0 . 0
Calcium N A nil

p Cadmium .I a*

L Chromium
7.7;!bUJ
-I-8.51IE-02

& Iron N A
O3 Magnesium N A 0.01 ~,

Sodium
O.OOE+OO

N A n i-mF+CWll-.--- . WV 0.4--JOE+00
Nickel

OBOE+00
I .80E-oI 1 J4E-07 8.888-09

Lead I.93E-01  1
I .13EU7

I. I2E-07
4 .!%E-(32 1

I 9.50E-09 1.2IE-07
Vanadium .--- -- I

3 MFJM 1-SW...  “.a, 2.24E-09
Zinc

2.86E-08
,80E-01 t .n4i?-n7 I 8.86E-09 1 17E-07

* Concentrations are the 95th $6 upper bound of the sample data set
Note - No carcinogenic risk was determined for chromium, All chromium was determined to be trivalent (Cr(llI)), the non-carcinogenic form.

See discussion in Uncertainty Analysis section of the main report,
NA - No analysis performed for this analyte

Slope FacIor Risk

iEtOI
w. IE+OO
O.OE+OO
6.3E+OO
4.2E+OI
O.OE+OO

OEtOO
OE+OO
OEtOO

3E-08
See Note

OE+OO
O.OE+OO
O.OE+OO

8.4E-01
O.OEtOO
O.OE+OO
O.OE+OO

robi Risk =

OEM0
OE+OO

IE-07
OE+OO
OE+OO
OE+OO

lE-07



TABLE A-2-99. CAMP TWMIEROCK
Csrclnogenic  Rlsk - InhalqtIon  of Particulates  (PMlO)  - August 1991

Concentration* Outdoor Exposure Indoor Exposure Total Exposure Slope Factor Risk
h3
6.93EtOO1

mg/kg-day
4.OIE-06  1

mtt&g-day
3.4 IE-07  1

mglkg-day (mgig-daykl
4.35Ea 1 O.OE+OO  1 OEt00Alumlnum

Arsenic
Beryllium
Calcium
Cadmium
Chromlum
Iron
Magnesium
Sodium,
Nickel
Lead
Vanadium
Zinc

* Concentrations are the 95th % upper bound of the sample data set
Note - No carcinogenic  risk  was determlned for chromium. All chromium was determined to be trivalent (Cr(lIl)), the non-carcinogenic  form,

See discussion in Uncertainty Analysis section of tbe main report.
NA - No analysis performed for this analyte



TABLE A-2-100. CAMP THUNDEROCK
Carcinogenic Risk - Inheletlon  of Partlculates  (PMlO) - September 1991

Concentration* Outdoor Exposure Indoor Esrposure Tote1 &posure Slept  Factor Risk

3p
N

t
zl
0

Aluminum
AIWlliC
Beryllium

U#/lIb3
1.35E+Ol
5.838-03

mg/kg-day
7.8OEXS

l 3.38Ea
2.68E-09

mg/kgdsy
6.63E-07
2.878-10
2.28E-10

ma-day (m&day)-1
8.468-06 1 O.OE+oO 1 OEtOO
3.66E-09 1 l.SE+O! 1 6E4-M
2.91Eq

Catclum,
Cadmium
Chromium
Iron
Magnesium 11,:
Sodium
Nickel
Imd
Vanadium
Zinc

* Concentrations
Note - No carcinogenic risk  WBS determined  for chromium. All chromium  was determined to be trivalent  (Cr(IlI)),  the non-carclnogenic  form.

See dIscussIon  In Uncertainty Anatysis  section of the main report.
NA - No analyds  performed for this nnalyte

l 0



TABLE A-2-101. CAMP THUNDEROCK
Carclnogenlc Risk - Inhalation  of Partlculates  (PMlO) - October 1991

Concentratlun* Outdoor Exposure Indoor Exposure Total Exposure Slope Fador Rfsk

Aluminum
Arsenic
Beryllium

w Calcium
A Cadmium
I Chromium
Z Iron
c1 Magnesium

Sudlum
Nickel
Lead
Vanadium
Zinc

mglkg-day mglkg-day mg/kg-day (mg/kg-ctay)-I
2.77E4X  1 O.OE+OO  1 OEt00

* Concentrations are the 95th 96 upper bound of the sample data set
Note - No carcinogenic risk was determhwd for chromium. AJI chromium was determIned  to be trivalent  (Cr(lll)),  tie non-carcinogenic form.

See discussion in Uncertainty Analysis  section of the main report.
NA - No analysis performed for this analyte



TA8LE A-2-102. CAMP THUNDEROCK
Carcinogenic  Risk - Inhalation of Partlculah  (PMlO) - November 1991

Coneentrat Ion* Outdoor Exposure Indoor  Fhposure Tuial EKposure Slope Factor RMC

Alumlnum
Arsenic
Beryllium

y Calcium
GJ CedmIum
A Chromium
g Iron

* Concentrations are the 95th 46 upper bound of the sample data set
Note - No carcinogenic risk was determlned  for chromium. All chromium was determined to be tdvalent  (Cr(lll)),  the non-carcInogenlc  form.

See discussion in Uncertainty Analysis section of the mak report.
NA - No analysis performed for this aualyte

ug/m3
2.98E+00 1

2.68E-03 1
3.1

1 ’.a

mglkg-day
I .73E-06 1

mg/kg -;lay
1.47Ea7 1
l-32&10 1

mg/kgIday -
(mgfkg-day)-1

1.87E-06 1 O.OE+OO 1 OE+OO
t.

Magnesium
Sodium  .
Nickel
Lead
Venadlum

6.12EtI
2.73EtOO i S8E-06 I .34E

I .33Eal 7 m69E-08 6.548-09  1 8.
I.
I.3



TABLE A-2-103. AL AHMADI HOSPlTAL
Carcinogenic Risk - Inhatatlon  of Particutates  (PMlO)  - June 1991

Aluminum
Arsenic
Beryllium
Cefcium

w Cadmium
k Chromium
A Iron
* Magneslum
w Sodium

Nickel
Lead
Vanadtum
Zinc

Concentration* Outdoor Exposure indoor ~posure Total Exposure Slope  Factor Risk

* Concentrations are the 95th 96 upper bound of the sample data set
Note - No carcinogenic risk was determined for chromium. All’chromium was determined to be trivalent (Cr(IlI)),  the non-carcinogenic form.

See discussion in Uncertainty Analysis section of the main report.
NA - No analysis performed for this analyte



TABLE A-2-104. AL AHMAIM HOSPITAL
Carcinogenic Risk - Inhalsllon  of Parliculates  (PMlO)  - July 1991

Concentralion* Outdoor Exposure Indoor Exposure Totat  &poaure Slope Fndor Risk

Aluminum I NA !
AtYenie
Beryllium

0 Calcium
A Cadmium
L Chromlum
z Iron

Magnesium

mg/kg-day
O.OOEt00
O.MIE+OO
0.00EtOO
O.IME+OO

4.18E-09
2.928-08

WOE+00

mdkgday
O.OOEt00
O.OOEtOO
0.00EtOO
0.OOE-t00

3.55E-10
2.49E-09

0.00EtOO

mg/kgday b&ll~Y~l
O.OOEtOO O.OEtOO OE+OQ
O.oOEtOO 1SEtOl OEtOO
O.OOEt00 8.4Et00 OEM0

OE+OO OE+iNlO.OOEtOO 1
4.54E-09
3.17E-OS

O.MIE+OO

0.
6%&i
4.2E+Ol
O.OE+OO

-3E-Gi
See Note

OEtoo

7.
5.

- NA
NA O.OOE+Wl O.OOE~OOI O.OOEtOO1 O.OEtOO  1 OE+OO

NA
NA
NA

228-03
OSE-02

Sodium
Nickel
Lead

O.OOEtOO
4.84E-09
6.698-09
I .96E-o9
3.238-09

0.00Et00
6.17E-08
8.54E-08
2.50EXI8
4.13E-OS

O . O E t O O OEM0
8.4E-01 SE-OS

O.OEtOO OE+OO
O.OEtOO OEM0
O.OEtoO OEM0

k = miii

Vanadium 3.
Zinc 6.

* Concentrations are the 95th % upper bound of the sample data set
Note - No carcinogenic risk was determined for chrr  rmium. All chromium was determined to be trivdent  (Ct(IIl)), the noncarclnogenic  form,

See discussion in Uncertainty Analysis section of the main report.
NA - No analysis performed for this anaiyte



TABLE A-2-tOS.  KIIOBAR  TOWERS
Cmlnogeok  R&k  - Inbrktbo  of Po!ycyclk  Aromrtk  Hydrocarbons (PAH)

Naptbrloat
f-Methyl  Naptbrkne
I-Methyl  Naptbrkne
Blpbtoyl
Dimdbyl Nnptbaknt  .
Acmrptbykne
Actorntbtne
Dibenh~rro
Fluoreot
Pbcaratbrcnc
Ant braceae
Carbrzok
Ruorrntheac
Pyrcnc
Benzo(r)Antbrrce&
Chryrtot
Bento(b)Ftwrrntbcac
Benw(k)Fluorrotbcne
Bealo(e)Pyreot
Ienr&)Pyrene
Idrw(l ,ZJcd)Pyrcslt
Dlbeoto(ab)Antbrrc~ne
Benz&bl)Ptrykit

COW~tr4tbB+
U&i3

outdoor erposun fndwt Ellporure
mrtk~dmy

TohI Erposure
mu/kg-dry odbaday

Sbpe Factor Rbk

1.09E+OO
(uuIhdry)-1

6.29lH7 5.3X-o% . 6.83E-07
2. m-01

NAV
1.23E-07 1 .OSE-oB

3.47E-01
I.34847 NAV

2.01EM 1.71148 2.188-07 UAV
6.668-02 3.tK .

. ..-?.I_- _-,
4.70E01  1 2.77

1
_..-- I
UAV I nuA.fu

.PEM
72E31
WOE-o2-..

3.16SE-02

I==

t UAV
2’30E-02IC
4.6-9EM
s. 12E-01
S.49EM

BE-03
,.17EM
2.4448-03
Iz.mDE-03
1.1ME-04
2.4IZE-03
2.3:1143
1’1mumms--  --,
2.66803 1

,.d”L‘,“,

I:,‘.,.,  ,.>>>>y>:  ‘.>>.  ,>,. >.,.?P.  )*l:.,.:,:.:.~.:.~.‘.:.:...:.~.~.~,.~~,.  :...y...>

E-a;
1.61E-oe.
9.96E-08  1
1.4SE-08
2.1lE8,
1.33Ea  1
2072E-01
8.23E-08
3.18EaI
7.96E-Ia
I .26Ea
1.HE-09,
1 .S68-09  I
S.79E-11  t
1 JOE-09
1.33E-09
1 ma-lnl

1
-.--. 1w.v
UAV

l Cooceotratbos  mre the arerage  of maxhum d&&d concentration hum TO15 rod HI-Vol PM10  refme  mdm or mmhum  u m-bum
for one method b bebw the dehctba  timIt.

NAV - Not Avaikbk



TABLE A-2-106. CM 1
thrclnogeak R&k  - Inbrktba of hbcyclk  Aromatk  Hydnxsrbonr (PAM)

cowentrrtbD* outdoor erpmurt ldfJor erposurc Sbpt Factm Rbk

Neptbhne
2-Metbyl  Neptbrknt
I-MetbyI Naptblkns
Btpbtayl
Dtmetbyt  Neptbrkab
Acenrptbykot
Acearptbens

?

DIbtazofuraa
Fluoreae  *

td Wtnintbrene
I

z
Antbrrctoe
Carbrlole

ul Fluorratbene
Pyrtae
Bcnz&)Antbrrceot
Cbrysennc
Benzo(b)Fluormntbe&
Ben~(k)Flwrrntheat
Benro(e)Fyreat
Bww(a)Pyrtae
Idcno(1 fJcd)Fyrcae
Dtbenza(ah)Antbrwnt
Bcnw(gbi)Peryknt

. --
+Otll 0.0

4.

E

7.
MO 3.
MO
e-r0

- --

t *
+oO 0.0
too 0.0

+mt a.0

l Coneentrltbns  art tbe muhuum de&ted
NAV  - Not AwUebk



TABLE A-2-107. ESKAN VlLLAGE
Cmtlnogtrik  Rbk  - labrlrthn of Potycyctk  Aromatk  Hydmcrrhons  (PAW

Cmwmtrrtbn+ Outdoor Exposurt Indoor  Eztporurt Sbw F8ctor
I

, --, -.---
tmol 1 III

0.01-em

V.WE
!-09 2.531

-

Rbk

!49
f e29E-09  ] 1 .lOE-IO 1.4oE-09  I b.lE-Ol I SE-ioIl. -- 1 ..I,

N8ptbrtent
2-Methyl  Naptbrlcat
l-Mtihyl Naptbrknc
Blpbenyt
Dlmetbyl Naptbrleoc
Actorptbytene
Accnrpt  beae
Dlbencofurrn
moreat
Phematbrene
Antbr8ccot
C8rbrrotc
Fluorrotbene
Pyrens
Bcnzo(r)Antbrrccoe’
Cbrywnc
Btazo(b)Fluorrntbtne
Btnz.o(k)Fluorrntbce
Btnzo~t)Pyrent
BtamWPyrent
Ideno(t  ,2,3cd)Pyrene
Dlbenm(rb)Anthrrctot
Btnm(gbi)Ptqltot

I.llE-a
6.258-1  I

0.wEtoo
9.858-12

0.wBtoo
o.ooEtw

I

l Conctntrrtbw 8tt tbt m8hum detected
NAV - Not Awlhble



TABLE A-2-106. KKMC
c8dW6eDk Rbk - hbrktka  of Pblycyctle  hlU8tk  Hydmcarbons  (Pm)

N8ptbrkae
2.Mdbyl  N8flbrkmt
l-M&by1 N8ptbrht
Blpbenyl
Dlmdbyl  N8@IrkIIt
Am8ptbyknt
ActnrpHwnt
Dibmzdur8a
Fluortoe
Pbto8nlbrtnt
Antbrrctat
C8rbrmk
Fluorrnlbtut
Pyrcne
Btnto(r)Anlbr8ctnt
Cllry1ent
Baw(b)Fluorrn~bent
Btnw(k)Fhmr8ntbent
Bcnzo(t)~rcat
Bearo(a)Fpnt
Idtao( t JJcd)Pyrtm
Dtbmzo(8b)An~br8cuw
Btnm(ghi)Ptrykot

COWtIltnhl* Outdoor Erposure Iadwr Erporort Tdrl Exposurt Sbpe hcior Rbk
U&U3 mdk6dry &krdry u&k6d8y (mg/kmdry)-I ’
EnI I o.we+m I UAV I OE+OO
E etw OS

E+M

:
E
BDL I
BDL I
BDL O.ooEtO(
E

6.
S!

t.29M

l Conctnhrtbnl8rt  Ibt muhnum denied
NAV  - Not Adhbh

b



TABLE A-2-109. MILITARY HOSPITAL/CAMP FREEDOM
C8rcbogmk  Risk  - ldbrlrtba of PolycycUe  Axomrtk  l~ydmcrrbonr  (PAN)

Naptbrhe
ZMdbyl N8pthrht
I-Methyl Ntptbrkne
Bipbtoyl
DImethyl  N8ptb8knt
hcarptbyttot
Actaarptbtot

?
Dlbtomofurra

td
Fluortot

I Pbeorntbrtnt
w A%brrctne
0
tD Clrbrtole

Fluorrntbene
Pyrtne
Btoto(r)Albrrctnt
Cbrywnt
Benw(b)~uorm~beot
Benzo(k)Fluorro~beot
Benm(e)Fyrtot
Btom(t)Pyrtnt
Idtno(f,2dcd)Pyrtoe
Dibtoro(rb)Ao~hrrctot
Btnzodgbl)Ptrykae

hWOtr8tkb~* Ouldwr Expo& lodoor  Erpmure Tatal  Exposun Sbpt Factor Rbk
ugh3I mglkgday tirdry mdkgday (adr+t

- - - -  M 1.16E-06 I.f-” *-’ l

1. fOE-07 9.:

f l.!

I

il I ’*.

l Caactntrrtbag  8rt tbe 8Ttt8@2 of muthum detected coac.cattrtha  hm TO13 and HI-W PM10 refernct  m&d or mrwlmum  if mwlmum
for one m&bod  b bebw the detcclbo  UrnIt.

NAV - Not AvJtabte



TABLE  A-2410. U.S. EMBASSY, KUWAIT
Ctrchogenk  RlsL - tnbtlttba  d Pblycyttk  Ammrik ti~dmtmrbo~  (PAIl)

Ntptbtltoe
2-Mttbyl  Naptbrknt
I-Mttliyl Ntphltm
BlplltUyI
Dlmttb~l  Ntptbtkot
Accarptbyltnt
Acturptbtut
DltJtWh?.dWttl
Fluortnt
Wturuthreut
Adbrtttnt
Ctrbrmlt
Fluortntbtnt
Pyrmt
Btuz&~ABtbrtrtut
Cbrystnt
Benm(b)FluortnHwnt
Btnzo(k)Fiu~~~~r~1wnt
Benzo(t)Fyrtot
Btm&Wyrtnt
tdtno(IJJcdWyrtot
Dlbtnm(tb)Antbrtctnt
Bcam~bi)Pcryknt

+ ConctttrrUoas  art tit
NAV - Not Adlablt



TABLE A-2-l t I, CAMP TttUNDEROCK
Carcbogeok  Rtk - lobrbtbn 01 Polycyclk  Arumrtk HydrmarboaJ  (PM!)

Nspt brkot
Z-Methyl Naplhrknt
I-Mdhyl Naptbrkne
Blpbenyl
Dhuetbyl  Nmpthrlene
Acenrplbylent
Actnrplhent

?

Diberazafurrn
Fluorene

h, Pbee~n~breot
t

w Aolbrrceae
r-J Cmrbrmlt
w Fluorrolbene

Pyrenot
Btnzo(r)An0arrceac
Cbryacot
Benm(b)Fluorrnlbtnt
Btnm(k)Fluorra~bcae
Bcoto(e)Pyrme
Benm(t)Pyrent
Ideoo(l  J$+d)Pyrene
Dlhenco(rb)Aa~brrcene
Beozo(gbl)Perylene

ConcenCrlbn’ Outdoor  Eqnxure Indour  Erposure Total ErDolure Rhk

* Conceatrrtbns arc the average  of mrrlmum  detected  concentrr(ba  fern TO13 and WI-Vol  PMlO  rtkmct  me&d or maximum If maximum
for one method b below  Ihe  de#ectbn  limit.

NAV - Not Avribble



TABLE A-2-t 12.. AL AHMADI HOSPITAL
Carclnogtnk Rbk - lobrlt~ba  of Polyeyclk  Amntilc  Hydmctrboot  (PAH)

Coactotraibo” Out&m  Emnurt Moor Exmurt Tdal  Emosute Sbm Factor Rbl

Ntpthrltot
2-Mo(byI  NapHmltnt
I-Mdbyt Ntptbrltos
Slpheoyl
Diiuetbyt  NtpUdem
Actorplbylent
Actorptbtot
Dibtatdurro
Fluoreot
Pbtmodmzm
Aolbrtcent
Ctrbrdt
Fluoradbene
Pyrtnt
Btnm(t)Aotbrtctoc
Cbryscat
Btnza(b)Fluortoibtmt
Btnzu~k)Fluortolbtut
Btm(t)Pyrmt
Benm(t)Pyrent
Idtoo( t ,2Jcd)Pyrtne
Dlbtom(th)Aolhrtccat
Btnm~hl)Ptryltnt

l Cooctntrttbns art lht
NAV - Not Adbbk

mu

Urld
sty
NM
NIA

mglbgdi, lo8tllgirY lo&tl&my ba84aYkt
0.ooEtw o.ooetw o.wEtw NAV oetoo
O.OOEtoO o.wEtw o.ooEtw NAV OE too
o.wEtw o.ooEtw o.wEtw NAV oetoo

I
_ .._-
NIA I o.ooEtool o.wetoo 1 O.oOEtOO~ NAV I OEtOOfl



TABLE A-2-113. KHOBAR  TOWERS
Carcinogenic  Risk - IngestIon of Soils

Aluminum
A rsenlc
Berylltum
Calcium
Cadmium
ChromhJm
Iron
Mercury
Magnesium
Sodium
Nickel
Lead
Vanadium
Zinc

Concentration* Exposure Slope Factor Risk

1,51E+OO
3.18E-Oi

mglkg-day
1.34E-05
7.85E-09
1.65&09

(mglkg-day)-1
NA

1.7EtOO
4.3EtOO

OE+OO
1E-08
7E-09
OE+OO--. --

I a 56E+OO 1.33E-08 NA OE+OO
L.23EtOl 1.16E-07 NA OEtUO
3.36EtO3 1 l 7SE-05 NA OEtOO
3.888-02 2.02E- 10 NA OE+OO
1.18E-W 6.14E-05 NA OEtOO
4.57EtO3 2.388-05 NA OEM0
2.33E+01 1.21E-07 NA OEtOO
1.OOEtOl 5.20E-08 NA OEtOO

OESOO
~ i.61E-07 N A OEtOO

Total Risk = 2EO8

* Concentrations are the 95th 99 upper bound of the sample data set
N/A - Not Available



TABLE A-2-114. CAMP 1
Cerrrinogenic  Risk - ingestion of Soiis

Concentration* ?zxpoat~ Slope Factor Risk

Aluminum
Arsenic
Beryllium
Calcium
cadmium
Chromium
bOtl

Mewury
Magnesium
Sodium
Nickel
Lead
V a n a d i u m
ZiUC

mdkg U&/kg-day
to3 1

(mdkg-day)-1
1.21E-05 I NA I ~i#3+00I 2.328.

1.278+00 6.6OE-09 1.7E+00 lE-08
1,37Et00 7,12E-u9 4.3E-m 3E-08
5.17E-W 2.69E-04 N A
* n8Et00

OEtp
2.02E-08 NA OIHW

I ~.oiE+Ol 8.37E-08 NA OEi-00l---Gz

E NA
NA
NA
NA

iS8EtOl 8.2213-08 NA OEt00
2.18EtOl 1.13E-07 NA OEtoO
1.22EtOl 6.34E-08 NA OEtOO
- ""F-k01 1.52E-07 NA OE+OO

L

* Concentrations are the 95th % upper bound of the sample data set
NIA - Not Available

l a



.

TABLE A-2-115. ESKAN VILLAGE
Carcinogenic  Risk - Ingestion of SoIis

Concentration* Exposum Slope Factor Risk

Aluminum
Arsenic
Beryllium
Calcium

w
t!J

Cadmium
I Chromium

CI Iron
K Mercury

Magnesium
Sodium
Nickel
had
i’anadium
Zinc

i
--. --

NA OE+OO
i N A

NA-_. OEta
I t.23EtOi 1 6.4OE-08 NA OEtOO

9.2OE-08 NA OEtOO
6.65EtOl I 3.46E-fl7 NA OE+OO
i.77EtOl 1

-_ .-- -. --. --
L Total Risk =I 4lMR

* Concentrations are the 95th % upper bound of the sample data set
N/A - Not Available



1.

TABLE A-2-I16.  KKMC
Carcinogenic Risk - Iogestion of Soils

Conce5tration*

Aluminum
ArSeIlhl
Beryllium
Calcium
Cadmium
Chromium
I r o n

Mercury
Magnesium
Sodium
Nickel
Lead
Vaaadium
Zinc

UlJkg

I

mg/kg-da, . ngbg-dsy)-1
7.098+03 3.69E-05 NA OEtOO
='.32Et00 I .73E-08 1.7EtOO 3E-08
a,O7EtOO 5.56E-09 4.3EtW 2E-08
9.8Ow04 S.iOE-04 MA OEtoO
3.938 too 2.04E-08 NA OEtOO

IEt00
6Et03I 4.82E-05 I NA I OEtoO

2.78Bt01 1 I .458-07  1 NA ! (
9.21

A

Slope Factor

I +.14E-02  I 2.15E-10  1 NA I OEt00
mM.ulI 7.46EtO3 1 3.88E-05 1 NA 1 1

5.57E-tO2 2.9OE-06 NA OE+OO
3.41EtOl 1.77E07 NA OEtOO
"-3E+Ol 1.16E-O-_--- -f7 NA OESOO

1.36E-07 NA OE+OO.olEtOl 1
2.41E-07 N A OEtOO

TotalRisk = SE08

* Concentrations arc the 95th % upper bound of the sample data set
N/A - Not Available



TABLE A-2-117. MILITARY HOSPITAWCAMP FREEDOM
C~rcinogeulc  Risk - Ingestion of Soils

Aluminum
Arsenic
Beryllium
Caicium
Cadmium
Chromium
Ir08.l

Mercury
MaguesIum
Sodium
Nickel
Lead
Vanedium

Z i n c

Concentration* Slope Factor
I mglkg mg/kg-day imdkg-day)-1

t

4.77Eto3 2.48E-05 NA OE+OO
4.73EfOO 2.468-08 1.7EtOO 4E-08
2.57EfOO 1.34I+O8 4.3E-m 6E-08
3.9OEfO4 2.03E-04 NA OEM0
cL5E+O0 2.94E-08 NA OE+OO
a.b4EtOl 1.68E-07 NA OE+OO
6.09Et03 3.17E-05 NA OEM0
6.77E-t00 3.52E-08 NA OE+OO
c nm+o3 3.nmnc NA EIR&.M

t

J.“a

? 3.

J."t-  . -- -.w  I- I.. - 1. I YY . "V

2.56EtO2 1.33E-06 NA OE+OO
3.5lEtOl 1.838-07 NA OE-#-00

4.33EtOl 2.25E-07 NA OEtOO
2.04EtOl 1.06E-07 NA OEtOO
1.97EtO2 1.02E-06 NA ol3+IWI

* Concentrationsare ihe95th 46 upper bound ofthe samptedata set
N/A - Not Available



TABLE A-2-110. U.S. EM%ASSY,  KUWAIT
Caminogenic Risk - Ingestion of Soiis

Aluminum
Arsenic
Beryllium
Calcium
Cadmium
Chromium
Iron
Mercury
Magnesium
.Sodium
Nickel
Lead
Vanadium
Zinc

Concentration+

I
I.
c A7CJ

Slope Factor

* Concentrations are the 95th % upper bound of the sample data set
N/A - Not Available



TABLE A-2-l 19, CAMP TI-IUNDEROCK
Carcinogenic Risk - Ingestion of Soils

Concentration+ Slope Factor Risk

Aluminum
Arsenic
Beryilium
Calcium

w Cadmium
t!J Chromium

Iw Iron
PCD Mercury

Magnesium
Sodium
Nickel
Lead
Vanadium
ZillC

* Concentrations ate the 95th 96 upper bound of the sample data set
N/A - Not Available



TABLE A-2-120. AL AIIMADI  IIOSPITAI,
Carcinogenir  ti tuk - Ingestion of Soils

ConCent mtion* Exposure Slope Factor Risk

Aluminum
Arsenic
Beryllium
Calclum
Cadmium
Chromium
Iron
Mercury
Magnesium
Sodium
Nickel
Lead
Vanadium
ZhC

I
mg/kg mg/kg-day (mg/kg-4

I
4.26EtO3 2.22E-05 NA

I
I2.22E too 1.15B-08 1.7Et00 -.‘-2E-T;ij

7.77E-01 4.04E-09 4.3E+00

I’ 3.41E+01  t

i=I 4E

* Concentrations are the 95th 96 upper bound of the sample data set
N/A - Not Available



TABLE A-2-121.. KHOBAR TOWERS
Non-Carcinogenic Risk - Ingestion of Solis

,’ Concentmt~on+ Expo!nlre Reference Dose Hazard Quottent

Atuminuui
Arsenic
Beryllium
Calcium

P
Cadmium

hJ Chromium
I
c

Iron
P Mercury

Magnesium
Sodlum
Nickel
Lead
Vanadium
Zinc

mglkg mglkg-day
I

mglkg-day
2.57E+03 1 1.1OE-02 1 2.9E+00  1 4E-03
1.5iEtOO 6.47EG 3.OE-04 2%02
3.18E-01 1.36E-06 5.OE-03 3E-04

i.O3E+05 4.4tEq 31 1 NA OE+OO
2.56Et00 l.iOE-05  I

!
5.OE-04 I 2E-M

2.23EtOi 9,56E-O5 l.OEtOt IE-OS
3.368 tO3 1.44E-(n NA OE+OO
3.88E-02 1.66E-07 3.OE-04 6E-04

1.18EtO4 5.061E42~ NA I OE+OO
4.57Et03 1.96E-02 NA OEtOO
2.33EfOl 9,99EaS 2.OE-02 SE-03
l.OOEtOi 4.29E-05 NA OE+OO
1.09EtOl 4.67E-05 7.OE-03 7E-03
3,09E+Oi I, 32E-04 . * 3.OE-01 4E-04

1 Hazard Index =I mA2

* Concentrations are the 95th 96 upper bound of the sample data set
N/A - Not Available



.

TABLE A-2-122.; CAMP 1
Non-Carcinogenic. Risk - Ingestion of Soils

Concent rat ion* JhpUSUlT! Reference Dose
mg/kg mgl kg-day mglkg-day

Hazard Quotient
-- --

Aluminum
Arsenfc
Beryliium
Calcium
Cadmium
Chromium
Iron
Mercury
Magnesium
Sodium
Nickel
Lead
Vanadium
Zinc

2.32Et03 9.94E-03 2.9E+OCl 3E-03
1.27EtOO 5.448-06 3.OE-04 2E-02
i.37E-t00 5.87EO6 S.OE-03 lE-03
S.l7E+O4 2.22E-01 NA OE+OO
3.88E+OO 1.66E-05 5.OE-04 3E-02
1.61EtO: XOE-05 1 .OE+Ol 7E-06
3.iiEt03 1.33E-02 NA OEtOO
2,48E-02’ 1.06E-07 3.OE-04 4E-04
R.9oE+o3 3.81E-02  I NA OEtOOv-s -- . -- __--- --

- 4.08E+03 1 I .75&02 NA oEtoo

l.QlE+O- ' - -7E-05 2.OE-U2 3E-03_.--- - - 1
2.18EtOl
1.22EtOi
2.92EtOi

6.1: - --
9.34E-05
5.23E-05
1.25E-04

NA -~
7.0E-03
3.0s01

Hazard Index =

OEM0
7E-03
4E-04
7Eo2

* Concentrations are the 95th 96 upper hnd of the sample data set
N/A - Not Available .



TABLE A-2-123, ESKAN VILLAGE
Non-Carcinogenic RI& - Ingestion of Solls

Aluminum
Arsenic
Beryllium
Calcium

P Cadmium
NI Chromium
wh) IroIl
W Mercury

Magnesium
Sodium
Nickel
Lead
Vanadium
ZlflC

I

mglkg mgikg-day mgtkg-day
3.53E3+03 1 1.SlE-02 2.9E-mo 5E-03
- CL=,  M 1

’ lOE-05 3.OE-04 4E-02
I 6.59E-01  1 2a82E-06 5.OE-03 6E-04

1.46Et05 6.26E-01 NA OEM0
2.61E-M) 1.12E-05 5.OE-04 2E-02
1.80E+Ol 7.71E-05 l.OE+Ol 8E-06
5.13Et03 2.2OE-02 NA OEtOO
3.098-02 1.32B-07 3.OE-04 4E-04
X358+03 1.44Eg?2 NA OE+oO

4.12Et03 t.77E-02 NA OEt@
1.89EtOl 8.lOE-05 2.OE-02 4E-03
1.23EtOl S.27E-05 NA OEtoo
1.77EtOt 7.59E-05 7.OE-03 1E-02
6.65EtOl iE-03

* Concentrations are the95th 96 upper bound ofthe sampledata set
N/A - Not Available

Concentration* Exposure Reference Dose Hazard Quot tent

.



TABLE A-2-124. KKMC
Non-Carcinogeulc  Risk - Ingestion of Soils

E%gOSUIW Reference Dose Hazard Quotient

Aluminum
Arsenic
Beryiiium
Calcium
Cadmium
Chromium
Iroll

Mercury
Magnesium
Sodium
Nickel
Lead.
Vanadium
ZitlC

I-

;-

A IAP,

mg/kg
- YE+03
;:;2E+00
i.O7E+OO
9.808+04

..m .--02
7.46E tO3
5.57E+O2 1 2.39e-03 1 NA ! (I
lA

mglkg-day
3.04E-02

1.42E-OS
4.59E-06
4.20E-01
1.68E-OS
1.19E-04
3.97E-02
1.77E-07
3.2OE-02

mglkg-day
2.9E+OO
3.OE-04
9 .OE-O3

NA
S .OE-O4

1 .OE+Ol
NA

NA-
3.oE-04

OE+oO
3E-02
lE-05

u- ~~1E+oO
6E-04
OE+OO
BE+00

.v.rlEtOI 1.46E-04 2.OE-02 7E-03
2.23EtOi 9.56E-05 NA, OEtOO
2.61 E+Oi i.tZE-04 7.OE-03 2E-02
4.64EtOl i .99E-04 3.OE-01 7E-04

t Hazard Index =I, lE-01

* ConcenfiraGons  are the 95th % upper bound of the sample data set
N/A - Not Available



TABLE A-2-125. MILiTARY  HOSPITAL/CAMP FREEDOM
Non-Carcinogenic Risk - ingestion of Soiis

Aluminum
Amenlc
Beryllium
Calcium
Cadmium
Chromium
Iron
Mercury
Magnesium
Sodium
Nickel
Lead
Vanadium
ZillC

Concentration* Exposure Reference Dose Hazard Quotient

c

I

I=
mg/kg

4.77EtO3
4.73EtOO
2.57EtOO
3,9OEtO4
5.658-I-00
3.24E+Ol

mg/kg-day
2.04E-02
2.03E-05
1. IOE-OS
1.67E-01
2.42E-05
1.39E-04

mg/kg-day
2.9E+OO
3.OE-04
S .OE-03

N A
5.OE-04

’ l.OE+Ol  1

7E-03
7E-02
2E-03
OE+OO
5E-02
1 E-05

I 6.09Et03 1 2a61E-02 1 NA 1 OEtOO

I 6.778-t-00 1 2.9OE-05 3.OE-04 lE-01
e PlcClfra I . 2.5iE-02 NA OEtOO
2.56E+O2 I l.iOE-03  1 OE+Oll

H7ES

3.51EtOI
4,33EtOl
rl "4EtOl

42

1.50E-04 2.OE-02 8E-03
1.86E-04 NA OESOO
8.748-05 7.OE-03 iE-02
8.44E-04 3,OE-01 3E-03

Hazard Index = 2EOl

* Concentrations are the 95th 96 upper bound of the sample data set
N/A - Not Avaitable



TABLE A-2-126,
Non-Cawinogenic

U.S. EMBASSY, KUWAIT
Risk - Ingestion of SolIs

Concentration*
mg/kg

5.31Et
2.P ’

EXpOSUfV
mgl kg-day

Reference Dose
wNw!!!Y

Hazard Quotlent

,03 2.28Em 2.9Et00 8E-03
JGTOO

7.E 61
9.21E-06 3.OE-04
3.2OE-06

3E-O2-
_. .- _- S l OE-03 6E-04

9.84Eto4 4.22E-M NA OEtOO
2.77E-k00 l I. 19E-05 S.OE-04 2E-02
5.47EtOi 2.34E-04

I; A
I.OEtOi 2E-05

6.45EtO3 2.76E-02 OEM0
3.71E-02 1.59E-07 3.OE-04 5E-04

I 7.48EtO3 3.21E-02 NA OEtOO_ --- --

Aluminum
Atsenk
Beryllium
CaLlurn
Cadmium
Chromium
Iron
Mercury
Magnesium
Sodium
Nickel
Lead
Vanadium
z i n c

I 1.18EtO3 1 S.06E-03 NA OEM0
rOE-04 2.OE-02 9E-03

3.338-04
0.IOE-OS
,.j7E-@I A

NA OEtOO
7.OE-03 iE-02
3.OE-01 iE-03

Hazard Index = 9E02

* Concenfrafions are the 95th 96 upper bound of the sample data set
N/A - Not Available



TABLE A-2-127. CAMP THUNDEROCK
Non-Carcinogenic Risk  - Ingestion of Sob

Concentration* Refetxnce  Dose Hazard Quotient

Aluminum
Arsenic
BerylUum
Cal&m

-7 Cadmium
h)I Chromium
L IFOtl
4 Mercury

Magueslum
Sodfum
Nickel
Lead
Vanadium
Zinc

* Concentrations are the 95th % upper bound of the sample data set
N/A - Not Available



TABLE A-2-128. AL AHMADI  HOSPITAL
Non-Cerctnogenlc Rbk - ingestion of Soils

Alumhwm
AI%?&
Bery Mum
Calcium
Cadmium
Chromium
hOtI
Mercury
Magnesium
Sodium
Nkkel
Lead
Vsnadfum
Zinc

Concentration+
mJkg

4.26E+O3  1
2.21WlMI

#,

7.1
I I

EXpOSUW
mglkg-day

’ 1.83Ern I
7.5

Reference Dose
mg/kg-day

2.9l3+00  I

Hazard Quotlent

6E-03 b

6.993+03  1 2.98E-02  1 NA OE+OO
6.4

- -  -.

* Concentrations are the 95th 96 upper bound of the sample data set
N/A - Not Available



TABLE A-2-129. KI-IOBAR TOWERS
Carciuogenlc  Risk - Dermirl  Contact with Soils

Concentration* Exposure Slope Factor Risk

Alumlnum
Alsenlc
BC!~llhUTl

Calchm

* Cadmium
t!J ChromiumIw Ironww, ,Mercury

Magnesium
Sodium
Nickel
Lead
Vanadlum
Zinc

[pYJ,,+

I

k
AL ‘.()3

mgl kg-day (mgjkg-day)-1
9.51E-06 NA OE+OO

1,SlEtCUl 5.59B-09 1.7E+OO II308
3. t8E-Ol 1.18E-09 4.3E+OO SE-09
1.03E+05 3.81E-04 NA OE+OO
m ‘SE+00 1.89E-09 NA OE+OO
~.r3E+Ol 8.25E-08 NA OEtOOI
L.31m *,
3.36Et03
3.88E-02
t.18EtO4
4.578+03
rl llulnl
1 JOE+01
1.09ESOl
3.09EtOf

1.24E-05
1.44E-10
4.37E-05
1.69E-05
8.62E-Q8
3.7OE-08
4.03E-08
1.14E-07

-
loNA OE+(
L

NA OEtOO
NA OEtoO
NA OEM0
NA OE+OO
NA OE+OO
NA, OEM0
NA OE+OO
Total Risk = 1 FXR

* Concentrations are the 95th % upper bound of the sample data set
N/A - Not Available



TABLE A-2-130. CAMP 1
Carcinogenic  Risk - Dermal Contact with So&s

Content ratlon* s!Op F8CtOF Risk

Aluminum
Arsenic
Beryllium
Calcium
Cadmhrm
Chromium
Iron
Mercury
Magnesium
Sodium
Nlc kel
LRad
Vanadium
Zinc

mg/kg
2.32EtO3
1.27E+OO

mdkg-day (mgikg-day)-1
8.59E-06 1 NA I OE+OO
4.7OE-091
Iiim9l

1.7EiOO 1 8E-09
4.3Et00 I 2E-08ii37EtOO 5

5.t7EtU4 1.91E-04 1 NA ! OEtOO
? a*

t w,SE+OOI 2.87E-09 I NA I OEtOO
1.61E+ol 1 5.96E-08 1 NA OEt00

I
I

= 'lE+03*.a 1.15E-05 NA OE+OO
3A.48E-02 9.18E11 NA OE+oO

WOE+03 3.29E-05 NA OEtoO

I
1.d’
m .

4,OSE+03
' 48EtOl
L.ISE+Ol11
1.22EtOl
2.92EtOl

1.5lE-05
5.85E-08
8.07E-08 r
4.51E-08
l.O8E-07

OEtOO
OEtOO
OEtoO
OEM0
OE+OO

3EO8

NA
NA

NA
NA
Total Risk =

+ Concentrationsarethe95th % upper bound ofthe sampfedata set
N/A - Not Available



TABLE A-2-131, ESKAN WLLAGE
Carcinogenic Risk  - Dermai Contact with SONS

Aluminum
Arsenic
Beryllium
Calcium
Cadmium
Chromium
Iron
Mercury
Magnedum
Sodium
Nickel
Lead
Vsnadlum
Zinc

Concentration* Exposure Slope Factor

* Concentrations are the 95th 96 upper bound of the sample data set
N/A - Not Available



TABLE A-2-l 32, KKMC
Carcinoger:  :

Aluminum
Arsenic
i3eryllium
Calcium
Cadmium
CiWOdUu
Iron
Mercury
Magnesium
Sodium
Nickel
Lead
Vanadium
zinc

: - Dermal Contnct with Soils

Content rat Ion* Slope Factor Risk

* Concentrations are the 95th 46 upper bound of the sample data set
N/A - Not Available



TABLE A-2-133. MILITARY  HOSPITAWCAMP FREEDOM
Carcinogenic Risk - Dermai  Contact witb Soils

Aluminum
Arsenic’
B;erylhm
Calcium
Cadmium
Chromium
Iron
Mercury
Magnesium
Sodium
Nickel
Lead
Vanadium
Zinc

Concentration+ Errposure Slope Factor
mgikg

4.77Et03
4.738-I-00
2.57EtOO
WOE+04
5.6SE+IWI

mglkg-day
I. 77E-OS
1 l 75E-08
9.51E-09

(mglkg-day)-1
NA OE+OO

I .7E+OO 3E-08
4,3E+OO 4E-08

I 3.24EtOi 1 I’.d
I .44E-O4 NA OE+OO 7

I -.---. -- 4.18E-09 NA oE+oo
2OE-07 NA OEtOO

6,09EtO3 2.2SE-05 NA OE+OO
6.77EtOO 2SiE-08 NA OE+OO

I 5.85E+03  1 2.16E-05 1 -NA -p--v

I J..#lljTUI

E+OO
2.56E+U2 9.478-07  1 NA OE+OO
14lULfhl I. 3OE-07 NA OEtOO
4,33E+Ol i.6OE-07 NA OEtOO
2.04Et’Oi 7.55E-08 NA OE+OO
1.978+132 7.2NUI7 NAL “Y .

+ Concentrations are the 95th 96 upper bound of the sample data set
N/A - Not Available



TABLE iI -2 1.b4. U.S. EMBASSY, KUWAIT
Carcinogenic Risk - Dermal Contact with Soils

Aluminum
Arsenic
Beryllium
ralcium
Cadmium
Chromium
Iron
Mercury
Magnesium
Sodium
Nickel
Lead
Vanadium
Zinc

Concentration* Slope Factor
mg/kg-day

1.97E-05
7.96I3-09
2.76l3-09
3.64E-04
2.OSE-09
2.n2P,-*..-- 07
2.39E-05

(mglkg-day)-1
NA

1.7ES00
4.3EtoO

NA
NA

' NA
NA

OEfoo
lE-08
lE-08

OE+OO
OEtOO
OEtOO
OEtOO

1.37E-10 1 NA I OE-ttM
7.48Et 03 2.77E-05 NA OEtOO
1.18E-k03 4.37E-06 NA OEM0

* Concentrations are the 95th 96 upper bound of the sample data set
N/A - Not Available



TABLE A-2-135. CAMP THUNDEROCK
Carcinogenic Risk - Dermal Contact with Sob

Aluminum
Arsenic
Beryllium
Caltiium
Cadmium
Chromium
Iroll

Mercury
Magnesium
Sodium
Nickel
Ihad
Vanadium
ZiIW

Concent rat ion*
mgtkg

Errposure
mg/kg-d laya -a- ^a @g/kg-day)-1--. I

16.’

I 4.75EtO3 1.76E-w NA OEtOO

I
a ‘“Et00.J. ,“I i.15E-08 1.7Et00 2E-08

-~10E-o1c ci 2.04849 4,3E+OO 9E-09
1.65Et05 6.1 IE-04 NA OEtOO
2.838~00 2.09E-m N A

1.. .
I OEtOO

9iEtOi 2.56E OEtoO
I e oAuln9, 2.2OE OEtOO

L.WSS-UL 9.628L-1 1 NA OEtOO
i.06EtO4 3.928i-05 NA OEtOO
2.62EtO4 9.70Ei-05 1 NA
4,95EtOi

1 OEtQO
L83E oe+m

4.978

I d.7-tETV.J

1

Itoo
2.76EtO1
4,03EtOl

I47
1.84E-08
i.U2E-07
i.49E-07

NA
NA
NA
NA
Total Risk =

oiioo
OEtOO
OEtOO

3EO8

Hope Factor

* Concenlrations are the 95th 96 upper bound of the sample data set
N/A - Not Available



TABLE A-2-136. AL AHMADI HOSPITAL
Carcinogenic Risk - Demtai Contact with SoUs

Aluminum
Arsenic
Beryllium
Calcium
Cadmium
Chromium
Iron
Mercury
Magnesium
Sodium
Nickel
bad
Vanadium
ZIIIC

Concentral  ion* J3Nposure Slope Factor
mgl kg mgl kg-day (mg/kg-day)4

I 4.26EtO3 i.58E-05 NA OEtOO
rl ""F-m 8.22E-W 1.7Et00 lE-08

t
. ..IE-ol 2.88E-09 4.3EtOO 1 lE-08

'I =Yto4 i.25E-M NA OEtOO
T,">E-Oi 7.17E-10 NA OEtOO
3.41EtOl 1.268-W NA OEtOO
6.95Et03 2.57E-11r5( NA ! t1EtOO
6.47E-02 2*39E-10 NA OEt00

6.96EtO3 2.58E-05 NA OEtOO
2.23EtO3 8.25E-fl61 NA ! iIEtOO
'I --= ml i.21E-07  I NA 1 OEtOO
a, ,,,t01
2.61EtOl
= '"E-t-01

1.37E-07
9.66E-08

NA OEtOO
NA OEt00

OEtOO
Total Risk = 3EO8

* Concentrationsarethe95th 96 upper bound of the sampledata set
N/A - Not Available



TABLE A-2-137. KHOBAR TOWERS
Non-Carcinogenic Rlsk - Dermal  Contact with Soils

Alumlnum
Arsenic
Beryllium

P
Calcium

N Cadmium
I ChromiumP
W Iron4

Mercury
Magnesium
Sodium
Nickel
Lead
Vanadium
Zinc

Content  rat Ion* EXpOSUfT! Refewnce Dose Hazard Quotient
mglkg mgikg-day mglkg-day

2.57EtO3 1 7.84E-03 2.9E+OO 3E-03
1.3ilE+OCnl, A-till?..1-- -06 3.OB04 2E-M
?a.18E-01  I 9.7OE-07 5.OE-03 , 2E-m
1.03E+05 3.14E-01 NA OiGi
2.56EtOO’ 1 S68-06 5.OE-04 3E-03
- ?3E+OlL.L 6.80E-05 l.OE+Ol 7E-06
* 76EtO3 l.O2E-02 NA OE+OO

88E -- - 18E-07 3.OE-04 AIMA
3.3
3. ‘AI2 1
l.18E+O4 I

I.- ~.
3.6OE-02  1 NA I nGil

4.57EtO3 1,39E-02 NA iiiiii
- 73E+Ol 7.llE-05 2.OE-02 4E-03L.J

l.OOE+Ol 3.i
l.O9E+Ol 3.328-05 ‘I.n A

NA OE+OO
- OE-03 5 E-03
3.m-n 1 3E-04

aI49M.u  I..“GA -L I 3E02

* Concentrations are the 95th 96 upper bound of the sample data set
N/A - Not AvailabIe



TABLE A-2-138. CAMP 1
Non-Carciaogedc  Wk - Delmal  Contact with Soib

Coucentratton* bposure Reference Dose Hazard Quotient

Aluminum
Arsenic
Beryllium
Calcium

w Cadmium
t!J Chromium

Iw Iron
iii Mercury

Magnesium
Sodium
Nickel
Lead
Vanadium
Zinc

I
mg/kg mgl kg-day mglkg-day

- 328+03 7.08E-03 2.9E+00 2E-03
lo 3.87E-06 3.OE-04 lE-02

1.37lz+00 4.18E-06 5.OE-03 8E-04
5.17E+O4 1 1.51- -BE-O1 NA OE+oO
3.888+00 2.37E-06 5.OE-04 5E-03
1*61E+ol 4.9lE-05 1 .OE+Ol SE-06

1.QUC-uL  1 #.3Ot?-UU 3.UE-w LIE-04
8.908+03  1 2.71E~ NA OE+OO
4.08E+03 I.24IE-02 NA OE+OO
1.58E+ol 4.82E-O5 2.OE-02 2E-03

I
2.18E+Ol  1 6.65E-05 NA OE+OO
’ 22E+Ol  ’t-----s ‘I “‘2E-05 7.OE-03 5E-03

92E+Ol  I 8.91 E-05 3.11R-m 3EU4
L JWIZIII-U  Jnuew 3E02

* Concentrations are the 95th % upper bound of the sample data set
N/A - Not Available



TABLE A-2-139. ESKAN VILLAGE
Non-Carcinogenic Risk - Dermal Contact with Soils

Alumlnum
Arsenic
Beryllium
Calcium

3;* Cadmium
tdI Chromlum
Pw Icon
\D Mercury

Magnesium
Sodium
Nickel
Lead
Vanadium
ZiklC

Concentration* ?hposulv Reference Dose Hazard Quotient

I
mglkg mg/kg-day mgl kg-day

3.53E+03 1 1.088-02  1 2.9E+00  I 4E-03
2.56E-k00 7.81E-06 3,OE-W 3E-02

6.59E-01 2.01E-06 5.OE-03 4E-04
1.46E+05 4.45E-01 NA OEtOO

I
3 rrolo()*.“,LiT 1.598-06  I 5.OE-04 3E-03

I 1.8oE+ol 5.49E-05 l.OE+Ol 5E-06
I = ‘3E+03 1 1.56E-02 NA OE+OO

1 fmc-M I 9.42E-08 3.OE-04 3E-04
J*JJLiT”.J I 1.02E-02 NA OEtOO
4.12E+03 1 1.26E-02 1 OE+Ml

I 1,89E+OI 1 5.76E-05 1 2.OE-02 1 3E-03
1.23E+Ol 3.75E-05 NA OE+OO
1,77E+Ol 5.4OE-05 7.OE-03 8E-03
6.65EtOl 2.038-04 3.OE-01 7E-04

L nazaru lnaex =I

* Concentrations are the 95th ‘16 upper bound of the sample data set
N/A - Not Available



TABLE A-2-140. KKMC
Non-Carcinogenic  Risk - Dermal  Contact with Solls

Aluminum
Arsenic
Bt?~llIUUl

CalcCum
Cadmium
Chromium
Iron
Me~ury
Magnesium
Sodium
Nickel
bad
Vanadlum
ZhC

Concentrat  Ion+ Exposum Reference Dose Hazard Quotient
‘kg

r’B9E-k03 1
mgl kg-day mglkg-day

2.16E-021  ’ 2.9E+OO 1 7E-03
3.32E+00 1 .OlE-05 3.OE-04 3E-02
l.O7E+OO 3.26E-M 5.OE-03 7E-04
9.8OE+O4 2.99Em NA oE+oo
3.93EtOO 2.4OE-06 5.OE-04 5E-03
2.7lb” L ILI 0 AOR 4-M 1 nu L#hl Or.2  cI1

uttu1 0.9OI;tv3 I .UGTUl olzw

I
9.26E+03 2.82E-02 NA OE+OO
d~lbp,o2 1.26E-07 3.OE-04 4E-04

I
T.0 .-

7.41” IrAmTO 2.28E-02 NA 1 OE+OO
I 5.578+02 1.7OE-03 NA OEfOO

3-41e+ol  I 1.04E-04 I 2.OE-i02 5E-03
I - “3E+Ol 6.8OE-05 NA oli+oo

I
~.vlEtOl 7.96E-05 7.OE-03 lE-02
4.648+01 1.42E-04 3.OE-01 SE-04

5
.-- .-. - -

gHazard Index =

* Concentrations are the 95th 96 upper bound of the sample data set
N/A - Not Available



TABLE A-2-141. MILITARY HOSPITAWCAMP FREEDOM
Non-Carcinogenic  Risk - Dermal Contact with Solb

Concentration* lhposure Reference Dose Hazard Quotleot

Aluminum
Arsenic

B Beryllium
t!J Calcium

I+ c a d m i u m
lbw Chromium

Iron
Mercury
Magnesium
Sodium
Nickel
Lead
Vanadium
Zh!

mgl kg
4.778+03
4.738+00
2.578+00

mgikg-day
1.45E-02
1 A4E-05
7.84E-06

mg/kg-day
2.9E+OO

XOE-04
5.OE-03

-

5 E-03
SE-02
2E-03

WOE+04  1 1.19E4M 1 OE+tM
5.658+00 3.45E-06 S.OE-04 7E-03
* “4E+Ol 9.88E-05 l.OEtOl 1 E-05

9E+03 1.86E-02 NA OE+OO
6.77E+OO 2.06E-05 3.OE-04 7E-02
5.85E$03 I 1.78E-02 I

I 2.56E+O2 7.818-04 NA oi-iii
- ‘IEtOl 1.07E-04 2.OE-02 5E-03

I
A.l\I\E+OI..--- . -* , 1.32E-04 NA OEtOO
2.0’” ’ nr ’4CTUlI 6.228-05 7.OE-03 9E-03
1.97E+02 1 6.01 E-04 IOE-01 2E-m

QE+QO

* Concentrations are the 95th 96 upper bound of the sample data set
N/A - Not Available



TABLE A-2-142. U.S. EMBASSY, KUWAIT
Non-Carclnogeulc  Risk - Decal Contact with Soils

Concentration*
mg/kg

EKpomm!
milk

Reference Dose Hazard Ouot lent

5.3lE+03
2.15E+00

7.47E-01
“.84EtO4

--= ?al-.

:g-day
I .62E-o2
6.56E-06
2.28E-06
3.OOE-01
I .69E-O6

04

mg/kg-day
2.9E+00

3.OE-04 WI YI
5.OE-03 5E-04

NA OE+OO
5.OE-04 3E-03

1 .OE+Ol 2E-05
OE+OO

Atumlnum
Arsenic
Beryllium
Calcium
Cadmium
Chrumlum
Iron
Mercury
Magnesium
Sodium
Nickel
Lead
Vanadium
ZhC

i.IIC’

5.47E+Ol 1.67E-i
6.458+03 1.97E-02 NA

3.71E-02 1.13E-07 3.1
7.488+03 2.?“”  ’
1.18E-t
3.97E-t

DE-04 4E-04
:uc-m NA

03
OE+OO

3.6OE-03  ,! NA
f-01

OE+OO
1.21E-04 2.OE-02

3.1OE+Ol
6E-03

9.46E-05 NA OE+OO
6.19E-05 7.OE-03
‘X548-04

9E-03
3.OE-01 8E-04

2.03E+Ol
8.33E+Ol 1

-- .-A I--B--

* Concentrations are the 95th 96 upper bound of the sample data set
N/A - Not Available

flazara muex =I



TABLE A-2-143. CAMP THUNDEROCK
Non-Carctnogenlc Risk - Dermal  Contact with Soils

Aluminum
Arsenic
Beryllium
Calcium

? Cadmium
wI Chromlum
wrp Iron
W Memury

Magnesium
Sodium
Nickel
Lead ,-
Vanadium
ZlnC

Concentration* E x p o s u r e
mglkg mgl kg-day

4.75EtO3 I .45E-O2
3.lOEtOO 9.46E-06

Refemnce  Dose
mglkg-day

2.9EtOO
3.OE-04

Hazard Quotient

5E-03
3E-02

5.5OE-01 1.68E-06 5.OE-03 3E-04
1.65Et05 5.03E-01 NA OEtOO
2.83EtOO 1.738-06 5 .OE-O4 3E-03
6.91EtOl 2.11E-04 1 .OE+Ol 2E-05
5.94Et03 1.8lE-02 NA OEtoo
2.6OE-02 7.93E-08 3.OE-04 3E-04
1.06EtO4 3.23E-02 NA OEtOO
2.628-t-04 7.99E-02 NA OEtOO
4.95E+Ol 1.51E-04 2.OE-02 8E-03

I 4.97EtOO 1 1.52E-05 1 NA I OEtOQ
2.76EtOl 8.428-05 7,OE-03 1E-02
4.03E+01 1.23E-04 3.OE-01 4E-04

t- namra  lnaex

* Concentrations are the 95th 96 upper bound of the sample data set
N/A - Not Available



.
TABLE A-2-144. AL AHMADI HOSPITAL
Non-Carclnogenlc Risk  - Dermal Contact with Solla

Alumlnum
Arsenic
Beryllium
Calcium

3p
Cadmium

?d Chrumlum
t

K
Iron

bb Mercury
Magnesium
Sodlum
Nickel
Lead
Vanadium
Zinc

Concentration* Reference Dose Hazard Quotient

6.95E+Oj  1 2.1
6.4

* Concentrations are the 95th 96 upper bound of the sampte data set
N/A - Not Available

l a
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APPEND= A-3

CARCINOGENIC SLOPE FACIYORS,
NONCARCINOGENIC REERENCE  D O S E S - C E  CONCEW&YlTONS,

~~~~OHIiES,ANDHkCIHEFFECTSOF
INHAUD PARTKUIJIIES
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I. CARCINOGENIC SLOPE FACTORS AND NONCARCINOGENIC -CE
DOSES AND REFERENCE CONCENTRATIONS. Table A-3-1 summarizes the
toxicoiogid  data available for the chemicals sampled during the environmental monitoring
efforts  in Saudi Arabia and Kuwait. Table A-3-l presents carcinogenic slape factors and
noncarcinogenic  reference doses/r&fence  concentrations.
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TABLE A-3-l. REFERENCE VALUES (mg/kg-day) AND SLOPE FACTORS (mg/kg-day)-'

neptane

n-Propyl  Renzeno

RfD Oral Reference Dose.
RfC Inhalation Reference Concentration.
SF Slope Factor.
INH. Inhalation.
W.O.E. Weight of Evidence.
* Data Inadequate.
a Value Obtained from IiEAST.
b Value for Food/Value for Drinking Water.
s Sub&ironic Value.

Value Withdrawn from HEAST
z Value Obtained from EPA-E&O.
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TABLE A-3-1. -CE vALffEs  (w/kg-day) AND SLOPE FACTORS (w/kg-day)-'
(continued)

RfD Oral Reference Dose.
RfC Inhalation Reference Concentration.
SF Slope Factor.
INH. Inhalation.
W.O.E. Weight of Evidence.
l Data Inadequate.
a Value Obtained from HEAST.
b Value for Food/Value for Drinking Water.
S Subchronic Value.

Value Withdrawn from BXAST.
i Value Obtained from EPA-ECAO.
e Value Derived using a Beazo(a)pyrene CEF.
CEF Carcinogenic Equivalency Factor.

-
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IL TOXICITY PROFILES. Toxicity profiles have been prepared for the chemicals that
were detected during  the environmental monitoring efforts in Kuwait and Saudi Arabia. The
following summakes  are intended to express primary effects of the contaminants iu this
document. These summaries axe not intended to be comprehensive literature reviews, but
rather general human toxicological effects with supporting values.

Inorganic arsenic has hen given a weight+fw classification as a hum& carcinogen.
Thiswasbasedonobsenatiwsof~lungcancermortalityinpopulationse~sed
primariythrough~rmandon~~skincancerincidenceinpopulationsconsuming
drinking water with high arsenic concentrations. There has not ken consisteut
demonstration of arsenic GKchlogenicity  in tat animals for various forms a.dmb&ered by
differentrwtesinsevedspecies.  F’o~tial~ogenicityhasbeensuppoRedbystudiesin
whichsodiumasseuak basthsnshownto~ Syrianhamsterembryo cells. Arseuic .
hasnot~showntobemutagenktobachxia.  Forinklation~theslopefactoris
5E+l(mg&gd)‘1.  The Maximum Costamiaant Level (MU) for drinking water is 0.05
mgL. ~wakrq@ilyuite&forw&erandfishcansumptionis2.2E3crg/L.
ArsenichastheabiMytobi oaccumu.lateiuti.epllesofaquaticaudmarineorganismsandcan
potentially  cmcemae illthefoodchain.

Beuzeneisacl~,color&q~y~ liquid.T-~utilizesthiscompoundi.n
thep~~ofotherctremicalssuchasdetergentsaadpesticides,andaisacompwentof
gasoline. The most l&kly route of humau exposure to benzene is through inhaktion. Acute
&se~elated~~canrange~~,~he,nauseaandtightnessofc~,to
more severe effects such as tremors, vent&&r irr@aritieq  paralysis, uuconsciousness tid
possible death. The efkts of a chr~uic  inh&ion  exposure to benzene in effect the centml
newous system and gastroiut&nal  tract. Although the major health concern of benzene
e-sure is its cancer  miug efkct. Human and animal studies  indicate that benzene muses
lwkemia;acancerofthe~thatformwhifebloodcells.  Humanandauimalstudiksa.Lso
indi~thepossibilityofgeuotoxicity.  Basedcmpmitbehumanandanimaldafa,theEPA
hasclassifiedBemRneasaknowncarcinogen,GrarpA,andgivenitaslopefactorof
2.9E-2 (mg/kgd)‘l.  The American Coxfereuce of Gover~~~enral  Indu&M Hygknists
(ACG=l rtxommen& a workplace Threshold Limit Value-Time Weighted Average (ILV-
WA) of 10 ppm.
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BERYLLIUM

&ryUium  is a uatudy  occurring, grayish-white, hard-light, odorless metal. Beryllium is
USed in the production of missile parts, aerospace guidance systems, x-ray windows and in
the production of brass. Beryllium enters the environment largely as a result of coal
combustion. Beqllium alloy b, ceramic plants and bexyllium  exbxtion  plants
arethemajorindus&lpiocesseswhichr%easet@liumintothe~eW

Cadmiumexistsinnatureinsmall~withnoknownnutritivevalue.  Itisageneral
cytotoxkagentandapotentinhibitorofSomeenqmesystemS.  Minetallossfromtxmeand
rePaldzunageresultfromchronic&miumpo&ming.  Exr&onocuusinnarrowlim&sand
everyincreaseinintakeresultsinincrrasedaccumulation.  ThcomlRfDforwateris0.0005
mgCcVkg/&y.  TheRfD’s~~oLItbchighestlevelofradmiumintherenalcortexnot
asmated with signS~ proteh~uria. No RfDs for inbal&on  have been,estabWed.
~umhasbeenclassifiedasaB1probablehuman~~~u~inhnlatinn.  Thisis
ba!3edondstu~ofworloersexposedtoo.  Rats~sedto~chloride
developed illL1g  tumors and mdmium &de produced tumors at multiple sites. ~Mutagenicity
tests in bactmia and yeast have ken inconclusive. Mutation assays iu hamster cells, mouse
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lymphoma cells and chicken embryos have been positive. Insufficient data exist to classify
cadmium as carcinogenic to humans by the oral route. The inhakion slope factor is
6.3 E+O/mg/kg/&y for air concenttations not exceeding 6 &F,~.

CARBON MONOXIDE

Carbonmonoxi&isacolor&sand~gas.  Itisnotcorkkedtobeanirritant.
Inhaled cubon monoxide is rqidly  absorkd by the lungs and binds with hemoglobin
reducing the blood’s oxye carrying  capacity. The magnitude of the health efkt is
clepndent  upon the dose and overall cvndition of the individual. Human effects of carbon
monotide exposure are: Whes, nausea,  vomiting, vertigo, muscuIar collapse, coma, and
death. Ahealthyindividualwillcompensateatlowievel~surebyincreasingcarrliac
output;however,for~~witbalreadyimpairedcardiacfunctionlowlevelsw~be
dihmental. Onceremovedfromanacutecxposure,~monoxidewnbeehmkted
fromthe~~andttaeblood’soxygenearryingcapacitywill~~tonormal.  TheNIOSH
recommends a carbon mcmoxick  timt+weighted average (IWA) of 35 ppm, with a 200 ppm
ceiling. The ACGXH recommends a m mono* TWA of 50 ppm; this level should not
resultinblood~monoxidelevelsakve10~  Theyhavealso~endeda
short-m expsure limit (STELJ  of 400 ppm.

~toxicityof-~withthevalencestateofthecompouod.  Toxic
knatologi~  effects were observed in animal studies  using CP3. In bacterial systems CP6
butnotCr+3ismumgenic.  Cr+3isnota~ogenandthereisalackof&aonorally* .
V CP6 which precludes an asscssmentofcuuinogenicrkk.  TbeMCLfortotal
chromium in drhking water is set at 0.050 mg/L by the EPA. The EPA has classified Cr’6
asclassA, humancarcinogen, bythekhalationroutewithaslopefactorof4.2Efl
(mgkgd)“. This slope faaor is based on a numkr  of qidemiologi~  stud& in chromate
facilities. The EPA has also given Cr4 an oral RfD of 5E-3 mgkgd (chrcmic)  and 2E-2
mg/kgd (s&chronic).

HYDROGEN SULFIDE

Hydrogensulfideisacolorless,flammablegaswithanodorof”Fotteneggs.”  Odor
detection is an inefficient warning for the presence of hydrop  su.We. Human  health data
irdbtes that hydrogen sulfide CUSS adverse effects on the respiratory system. LIW air
concen~ons  (SO-500 ppm) of hydrogen sulfide  act primarily as a nqkatorry  irrbant.
While high levels (50&100 ppm) W systemic poisoning Wtsing unconsciousness aud
death, through respiratory paxalysis. Studies of chronic hydrogen tide exposures
exceeding 250 ppm lead to pulmonary edema and bronchial pneumonia. Eye irritation occurs
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at 1e~el.s  of 20 ppm or less. Short-term (few hours), low Level e-sures produce symptoms
SUCr: h&aches, insomnia, nervousness, and nausea. Hydrogen sulfide has not been
evaiu.:;d  by the =A with regard to carcinogenicity. The NIOSH recommends a 10 minute
ceiling for hydrogen sulfide at 10 ppm. This is based on reports of low hydrogen sulfide
levels displaying signs and symptoms which are sugge&ve of brain damage. They have also
~a~elof300ppmtobeimmediateydangeroustolifel~.  TkACGIH
necwunendsaTWAoflOppmandaSTELof15ppmwith~tohydrogw~

TheabsoIptionofleadfifnnthe~~tractis~onanumberoffactors
inchldingageand~state.  Ad&ab6oxblx%WCn5-15~0faningesteddose
andretainlessthau5~oftheabsorbeddose.  Cbikknmayabsorbandretainasmuch
~42perrxntofaaingestoddose.  ~ofinhaledleadisrelativelycompleee.  Target
o~farthetoldc~afleadinciudetbe~aavoussysoem,bloodformingtissues,
thegas&mhdsystemandthe~vesystem.  Oftbe,tbeCNSefWtsanzthe.mostiuqz@mtb~le&~ bavcbeenusedasanind&uurgfqxxureanda
lllmlberoftoxicendpointshave~ anreMedwi&b~kdlev&.  Chiliknappearto
be~ysusceptibletothe~&ec&soflead.  Amunkroftb
~vi&develqmenteadpointsrxcuratsuchlowbloaIleadkvelstbat~~may
notbeatbresholdfortheseefkcis.  Severaloftbesolublel&&tshavebeenshownto
limduce~rcnalt.umminrodembioassays.  qGdemiollogicalevidencefrombmnan  .
mclqmmdexpowrrwwas~to danonBrateac&irrnarrcl;ntian&weenlead
exposm’csaxdemcer.  BasedOnt&cdata,tbeEPAhas&s&iedleadasaB2~.
lBe#luseoftbelUnxU&%~withulelead ~liSk~tt.leEpA
reUMn.mendedthatnum~~ofriakfromlead~beavoided.  TheEPAis
currently developing g&Mines for performing envixomn~ xisk assessments illvolvhg
lead. Asan~~m~,theyaresuggestingthe~afaCentasfor~Control
(CDC) dwlmlent  which rec0mmendedthatsoilsoillead&between50(F1,000ppmweresafe
levels, protective of tk neurologid  efkts in cbildnn Thkvalue only m exposures
from soil ingestion;  probably the most iqofGmt pathway when e wkh contamiaated
soil. In terns of air lead, the EPA promulgaWi a National Ambient Air Quality Standard
(NkUQS);sil.5&m3.  Thislevelisalsoundergoiugexten&ereview.  Intheabsenceof.
bXiCityVdueS,theWC- coflmhgsoillead~andthe
NAAQSprimaryairstaadardwillbeusedtopartiallyquantifyhealth~inthecurrent
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MERCURY

Inorganic mercury salts are poorly absorbed from the gastrckintesunal tract. The kidneys
show the highest concentration of mercury following exposure to inorganic salts and mercury
vapor. In wntxast,  the CNS is the primary  target organ for organic mercury comPx,tnds.
Chmnic occuptional exposures to mercury coyti have been associated with mental.
dsfubmm tremors and giugivitis. The EPA &Wed au oral RfD of 3E4 for methyl
mercury.&valuewasbasedonsev~humanstudisand~anuacertaintyfactor

oflO. ~wasciassifiedbytheEPAascategoryD,notc~leastohuman
arcinogenici~.  TheosHAhas recommw  a wor@lace  exposure level of 0.1 mg/m3  for
both aryl and imrgmic  mercury compounds, and an &hour TWA of 0.01 mg/m3 for alkyl
mercury compaunds.

Repts  of human workers qsed to nitrogen dioxide for short durations have not displayed.adverse&ectsat25-38ppm@artspermillion).  Atanaircamwmmm of 80 ppm tightness
ofthechest~within3-5minuteu.  kmtherstudyofworkersrepoIWinoadveBe
efkm after working for several years at nitrogen dioxide eqmsure coacentrations of 30-35 _
ppm. Nitrogen dioxide qkures of l&20 ppm txn m kitaiion  to eyes, nose, and upper
reqhtmytract.  Anair~cem&.onat5ppmofn&ogendioxidehasadktinctculor,
thoughmostindividualscandetectitatO.22ppm.  Animalshrdiessuggestthatlongorshort-
term nitrogen dioxide exposures can incrw,se  sumqibility  to respiratory infection from
bacterial pneumonia or influenza virus. Nitrogen dioxide atmosphere levels of greater than
0.25 ppm can threaten all plant species. Nm dioxi& in water forms nitric acid.
Nitrates can persist for a long period of time in natural waters, The potential result is a
change in water ph and subsequent adverse effects on aquatic species. Nitrogen dioxide has
not been evaluated for carcinogencity  by the EPA. The NIOSH has determined nitrogen
dioxidetobedan~~tolifeandhealthat1oOppmandlethalat2oOgpm.  TheNIOSH
recommendsa1ppmceiling~.  l’heACGIHrezommendsalWAof3ppmandaSTEL
of5ppm.

sI;TwI’ulR  DIOXIDE

The result of burning fossil fuels and smelting of metals  leads to the production of sulfur
dioxide and various particulates. It is the metal enriched paaicles which promote the
conversion of sulfur dioxide to sulfuric acid. Sulfur dioxide is the source of sulfate aerosols
which can be transported long distances  in the atmosphere. Aerosols such as sulfuric acid,
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ammonium sulfate, and ammonium bisulfate pose a direct health hazard and contribute to the
production of acid rain. Animal studies of chronic exposure to sulfur dioxide indicate a
condition which pathologi~y  resembles chronic bronchitis. Exposure produces  a thickening
of the mucous layer of the trachea with hypertrophy  of goblet c4ls and mucous glands. The
magnitudeofthefeqWlseisdoserelated.

Brief human exposure periods have demonstmied  respiratory aMow r&stance  in a majority.
OftheSUbjectsexposedtOsulfivdiOxidetiaircwcentratlons of5ppmorhigherandlppm
forthemoze sen&iveindividualsuchasanas&maik.  ~surelevelsofl-3ppmofsul.k
diOXide~aiIflOW~iUiUdi~engaged~exercise. No rmticableairflow

.
rtxstsewasobservedinindi~exposedto~dioxi&atair~~~of
0.5 pp.

a .  0.47ppm
b .  GlOppm
c .  1&2Oppm
d .  40&500~
e .  1OOOppm

Reayitionofprtogmtatmosphelic-odor.
IlnmabanosealldtlmJut~on.
e y e -
Immaktely  dangums  to life.
Death  (SuffoGltion,  puhnonary edema, or systemic
acidosis.)

Wet and dxy de@tion will remove atmospheric sulfur dioxide.
Sulfur~~pollutedwaterswillunde%oaslowo~onofsulfurous->  sulfuricacid,
natulal~willn~si.owlyoverlime.

The NIOSH has es&b&h4 a sulk dioxide TWA of 0.5 ppm tmsed  on a 1~budday,
40-ho&week. The NIOSH has also m sulfur dioxide to be immediately M
tolifeorhealthat1OOppm.  TheAC~hasestabkhedasulfurdioxideTWAof2ppm
andaSTELof5ppm.
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TOLUENE

Toluene is a clear, colorless naturally occurring compound. It is found in crude oil.
Toluene is produced frlom mleum refining and as a byproduct in the production of
styrenes and coke oven manufactkng.  Industry uses it in refining gasoline and in the
manufacimhg  of paints, lacquers and adhesives. Human exposure to toluene is likely to
occur via i.nhhtion from many source  such as automobile exhaust, solvents, gasoline,
paints and cigarette smoke.

Acute expxure  effects to tolufxe  generally target the central nexvous  system. Acute effects
may range from fatigue,  confusion, memory loss, nausea to dizimxs, UWW&WWS  and
death. Though if the -sure to t.oW a, before death occuxs,  the symptoms will
also cease. bw dose chronic exposure to toluene has displayed qr.uxtionable  mild effects on
the kidneys. Studk in individuals who intentionally exposed thunselves to high doses of
toluene &tended abuse), over a @xl of time, have displayed wb*W;
effects on speech, vision, hezing, muscle contrul and memory. Animal stud& do not
indiate toluene to be a carcinogw.

The ACGIE has aMished a TLV-TWA  of 100 ppm for toluene.

zincisanessential~elemeptiwolvedinarzymefunctions,~synthRsis,and
metahlism  of carbohydrates. Zinc, when ingeskcl in large amouats, can ause fever,
vomiting, and stomach cramps. Metal fume fever GUI  WCLU  with bigh cwcentration
eqnmrestozirrcoxidefumes.  RqWtoryandgas&oint&nalbactsmayWMtatedby
inhaktion of zinc chloride fumes/mist. Skin and eye irritation may also be associated with
zinc chloride expsure. Animal studies  have shown growth retardation, hypochromic
anemia, and defective bone minerakation with a dietary zinc level of mr than 0.25
percent. Toxici~  was not observed at dietary levels below 0.25 percent. Zinc oxide fumes
are given a TWA of 5 mg/& and a STEL of 10 mg/m3. The EPA has established chronic
and sukhronic  oral refereuce  dose values of 3E-1 mgkg4.

ALUMINUM.

Aluminum metal dusts have been shown to exhibit very little potential for cursing adverse
health effects. Other forms of Al art toxic at high con&ens. Banxite fumes can
produce pulmonary fibrosis, sod there is informafion implicating Al in some neurological
disorders. The-Ahasnot~~~taxicityvaluesforusein~verisk
assessment; it is not thought to pose a cazciLLogeaic hamd.  The ACGIE  TLV values for Al
cornpour& range from,’ 2 mg/m3 for soluble salts and all@  of Al to 10 mg/m’ for Al dust
and Al oxide.
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Calcium is an essential nutrient required by the body  for pIpper growth and development.
Calcium cyanide is the ody ca wmpound for which an RfD has ken developed. A 2-ya.r
dent feeding study using this compound indicated thyroid &ects and myelin degeneration;
the oral Rfd value recommended by the EPA is 4lX mgkgday.

hmisahoane3semhdl However,toxiccf%ctsbaveoerwredfollowingaccidental
-fmrdoses;toxicactionsinchdebothliverandrenal~.  ChrhcirontoxiciQis
~byalterationsirlliverfunuion,-,~disturbancesandcardiovascular
tSetss@&rencel). ThedF’Ahasnotdev~toxicityvalues~~foruseinrisk
iisamaq however, the ACGIH recommends an 8-hour TLV of 1 mgh?  for the work#ace
(reference 2).

BJhgmhmisanotheressemtialelementandia~for~ nf2ummuscular~.
severalnrapnesium~inchldiIlgthe~,oldde,~,~andcarbonate
areusedwidelyillantacidfonaulations(rcfeRMe1).  Eigll-oflnag=hn
oxidccanproducemetalfumefcvct.  Tkrcaxenotoxi&yWlncsforuseinriskassessment;
however, the ACGIH TLV is 10 m@d fix ma@Uum oxide @ehwlce 2).

NickelisalsoanessenIial~~and-havebeeslshownto~decr#rsed
growtllandanemia. &cd- exposures tOniclaelhaVebeeaassociatedWithlungand
uasahmcer(reference1).  TbeEPAhasdevelopd~inhal*tianslopefacbrof8.4E1
(mgkgday)”  (reference 3). It does not appear to be a Nbythedrouteandthe
=A has developed an oral RfD of 2E-2 mgikgday  (Rference 3).

Vanadiumisabypraiuctofpdxchm~~  Itisdsofoudinavadyoffood
proQlctsinc~~cerralandvegetableS.  VanadiumWisaskinandeyeirzTcantd
-w~~exposllleshavebeen~hoanumberafsystwnic~~(raferencel).  The
EPA haS ikveloped an oral RfD of 7E3 m&day (r&fen~~ 3).

A-3-12



ETKYLBENZENE

Ethylbenzene is a fairly volatile liquid which is soluble in organic solvents. Toxicity data
from animals indiate  the liver, kidney and central nervous system as target organs;
however, the reprt&ctive  system appears to be most sensitive. ~ylknzene  has a chronic
oral RfD of lE-1 mgkgday and an i&a&ion RfC of 2.86E-1 (reference 3).

I

Hqtane  is a volatile, flammable liquid; it is insoh,Me  in water but dissolves in non-polar
organic solvents. The primary toxic effeC of high airborne concentrations is CNS
depression. Chronic exposures have also been asso&eci  with neural effects (reference 1).
The~Ahasn~~~~toxicityvaluesforuseinquantitativerisk assessment; however,
the ACGIH TLV is 1640 mg/m! (reference 2).

Xylenecan~inoneoftbTeeisomeric~andmost~~~~~~on
includes a mixture of the three (ortho, meta and para) isomers. Bgh concent&ions of
xylene cause CNS timion. Chronic toxicity also p&u- CNS efkts as well as
demeimd giowth in exprimental  animrls  (refmce  1). The EPA recommends an oral Rf.D
of 2E+O mg/kg+Jay and an inhalation RfC of 2El mg/n$ (reference 3).

The PAIR’s may be formed when any organic matter is burned, These compounds may
combine with dust particles in the air and be carried into water and soil, Soot, tar, tobacco
smoke and petroleum products typically contain m of many different PAEI’s. These
compounds were isolated from coal tar and identified as the carcinogenic component of this
substance. This fmding Lead to a great deal of ex@mental work to investigate the structure
activity relationships among this class of chemkak. Based on f?t~ studies,  the following
PAH’s  were found to exhibit some degree of arcinogenic potential: b(a)-pyrene,
chrysene,  lrmm-(b)-flwranthene,  lxmm-(kbfl-,  berao-a-anthraEene,
indeno(l,2,3)cd-pyxm~e, diknzo-(a,h>-anthracene ami kn@g,hJ@rylene.  Carcinogenic
slope i%ctom  have been derived for ma-p-: 7.3E+O (mg/kgday)*l  (oral) and 6.1
(mgkg-day)*  (eon); none of the rtxding  fxucinom  PAIFs have slope factor5
(reference 3). A number of PAWS am considered to be noncarcinogens; these include
naphthalene, fluorene,  phenanthrene, =-~hWlt=, acenqhm,  admcene,  fluoranthene
and pyrene. Toxic actions of these chemi&s ix&de effects on the liver, kidneys and blood.
Oral RID values range from 3E-1 to 4E-2 (zference 3).
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1. Klassen, CD.. Amdur, M.O. and Doull, J., Toxicology, The Basic Science of Poisons,
3rd ed., MamiUan Publishing Co., New York, New York (Source of most of the qualitative
toxicity descriptions).

2. American Conference of Government Iudustrial Hygienbts  (ACGXH),  199G1991,
Threshold Iimit  Valua  for Chcmiatl  Substances and Physicat  Agents and Biologial
Exposure I.ndics, ACQH,  Cincinnati Ohio (Soucce for TLV values).

3 .  lhpartm~ofLabor,29cpRpart191o,Airc  . * ,FbalRll.le(sourpefor
OSHA Pm values).

4. Eidfh Effects AssessmeDt  Summary Tables (REMI’),  En- F’mtection  Agency,
NTIS No. F’B91-921199,‘March 1993 and July 1993 Suppkmtt (Smrce for Reference doses
and aminogen Slope Factors).
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III. ADDITIONAL PAH INPORMATION.

Pure plycycl.ic  aromatic hyMns (PAH’s) are colorless, white or pale yellow-green
solid co~unds.  These coxq~unds are typi&ly  found as a rnixmre. PAH’S  are formed
fkom the incomplete burning of organic matter. These compounds may combine, with dust
pxtic~intheairandbcarriedtowaterandsoiL  Soot,tar,tobaccosmoke,vehicle
ezhaust, JM!mlalmm, even char-grilled faMs contain lI&hmS of different PAH’s
(derence 1). Thcru are no htmwn uses for most Pms, however anthraceee  and
n;tphthaleneareusedby~inthe~ of plastk, dyes, moth rqx&nts  and air
fresheners (ruferenoe  2).

Exposure to PAH’s may OCCUT  through inhaWon, dermaI contact and/or ingestion. The
largest amount of exposure OccuIs  in the occupational setting. PAH’s are readily absorbed
bythek3yandstoredinthelivur,kidneyandfat.  Howev~,theyareusuallyexcreted
within a few days (reference 1).

-twfi-,
Wd9-=h== and krm(g$&p&me, These wntpoud have displayal  catlcer
inanimalsandhavesuggested ~genic~inhumansuxposedbythe~on
and dermal mutts. The EPA has develop& slope  fkctors for knzo(a)pyrene:  7.3E+O
(mg/kg+i)-1 oral and 6.1 (mg/kg+l  inhaktion (rtzf&xe 3).

The following corn- are considered to be no~ino@c:  naphthalene, fluorene,
phenanthrene, acenaphthylene, acenapthene, anuxacene,  fhroranthene and pyrene.  Toxic
actions of these chemi~& include liver, kicky  and blcuxl eff’. Oral RfD (reference dose)
values range from 3El to 452 (mgkg4 (refa 3). Humans in ocaqutionally  related
exposures to high doses of naphthalene have complained of headache, nausea and vomiting.
While accidental ingestion of naphthakne pr&uced  hunolylic anemia. Contact dermatitk
has also been xqmted (reference 2).

The following paragmphs  witl individually addn~ some of the above mentioned PAH
compounds(dataislimited):

A. ACENhPRTAALENE

Cumntly, the EPA has dettl * d a#nqhfhakne  a class D, mt classGable,  dogun.
Thisclassificationisbasedontheab~~ofhumnn~and~animaldata.
Presently, an oxal RfD (reference dose) is pending review by the EPA (reference 4).
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B.  BENZO(a)ANTEWCENE

The EPA has classEed benzo(a)antLxc  as a B2, probabie  human carcinogen. This
classification is based on the absence of human data but sufficient evidence of carcinogenicity
in animals. Studies in mice have revded lung and liver tumors following intraperitond,
in&am- or s&sun injection and dermal expure of this co@. Though
thereisnocikctevidemeoflxxw(a)~ ~~ihumansitismggesed,as
thiscampormdis~iQPABmixmrwwfdchhavcdispkyajhmnaD~
(suchassoot,coaltarandtigaM&~oke).  PosSvemu&gwi&y~havebeen
lqxmtedill~~ *- celbfortbisPAHWqWulML  CuxlWly,thereisno
available data w a RfD for bxw(a)anWacene  (reference 4).

c. BENZo(b)FLuo-

The EPA has cku%ifkd benzo(b)fluoranthene  BS a B2, probable  bumaf cazinogen. This
clasgificatianisbasedontheab~ofllumandatabut~~of~~~
in animsia, Studies in mice have reva timmxs  following lung implantation,* .lntrapentoneal or sum injection and detmal expxure of this compound. Though
tbEiSllOdirect-Ofbenzo(b)fluorarrthene aushgtzincuhhumallsitissuggested,
uthiscompoundis~inPABmixturww~baverliPalavedhumancaicinOgeqesiS
(suchassoot,cn0ltarandcigarettesmo~).  positive I --tystlldkhavebeen

D .  BENZO(@FLUOW

TheEPAhasc~~)-asaB2,probabkbumancarcinogen.  This
classificationisbasedontbeab~~afhumandaGlbrnt~evidenceofcarcinogenicity
in animals. Auimal studies have rev- tumors following lung implanta&n and dennal
exposure of this md. Though there is no direct evidence of ben@b)fluorWbzne
causing~~inhumansitissuggesled,asthiscompoundiscontainedioPAB[~
which have display& human Nesis (such as soot, coal tar and cigarette  smoke).
Positive mutagenicity  studies have been reported in bcteria. Cmtly,  there is no available
da&i regardhg  a RfD for b5=@#h1orantbE (ref- 4).

E. RENZO(g,h,i)PERYLENE

TheEPAhas~ben@g,h&erylenetobeaclassD~; not cladiabk
With~galdtO caTciDogeLLicity.  ThisclasSWbnisbsedontheabsenceofhumandataand
i.ndqwe  animal data. Benzo(g,h,i)perylene has prodxed  positive mufag&city  studies as
well as showing cumpound related DNA damage in hams&r OvarianceIls.  Thereisno
available data regaling  a RfD fbr benzo(g,h,i&xykne  (m 4).
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F. BENZO(e)PYRENE

Research is currently underway to determine if them is an association between
benzo(e)pyrene and tumor production in rat conjunctiva. Presently, animal studies havk not
produced adequate evidence of carcinogenicity from benzo(e)pyrene exposure. There is no
human data reporting effects of this compmd. On the basis of this extremely limited data,
the International Agency of Researr=h on Cancer @ARC) has detexmined  benzo(e)pyrene  as
not yet cl&f&k with regaxd  to tzminogenicity.  Pmently,  the EPA has not developed
taxi*  value for lxnzo(e)pm  (reference 5).

G. CHRYSENE

The~AhasdetwminedcbrysenetobeaB2,probablehumaawrcinogen.  This
classification was based on an absence of human data but with evi&nce of skin cancer and
liver and lung tumors in mice exposed to chrysene. Though there is no direct evidence of
chrysene~cancetinhumansitissuggested,asthiscompMladiscontaiaedinP~*
~whichhavedisplayedhumancarcinogenesis(suchassoot,coaltatandci%afftte
smoke). Studitx have shown that cluysene has induced mutagenic response in bacteria and
chromosomal aim- in rodent ds. Currently, the EPA has not developed toxicity
values for chrysene (&erence 4).

H .  FLUOV

TheEpAhasdeterminedanomlRfDof4E2(m~~withregardtothenoncarcinogeni
effectsoffluolanthelle.  l%isRfDislxWdontheposentiaIoffluol;mtheaeto~ersely
effectthekidneys,hematolo~andclinicalfmdingsalld~ liver weights in mice.
Theuncettain~factorassociatedwitbthisRfDis3,ooO.  InhaWonstudiesatenotavailable
in the literamre. l%e EPA has &&fied  fluomnthene as a class D, not classifiable,
carcinogen. This class&ation  is bxed on the absence of human data and in&qua& animal
data. Mutagenicity studies on fluomnthene are uncerrain (reference 4).

I* PLUORENE

The EPA has determined an oml RfD of 452 (mg/kg*  with regard to the nonmrchgenic
effectsoffluoffne.  ThisRfDisbasedonadecreaseinredbloodcellsofe~sedmice-The
uncertaintyfactorass&a&dwiththisRfDis3CKKL  TheEPAhasalsode~ . lfiuorene
to be a class D, not classifiable, aircinop.  -Thiscla&&tionisbasedonanabsenceof
human data and m animal data. Positive mucageaicity scudieshavebeenreportedon
fluorene (reference 4).
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The EPA has also determined  phenanthrene to be a class D, not classil%b~e,  minogen.
This classifiW.ion  is hased on an absence of human dam and inadequate animal data.
Presently there is no available data with regard to phenanthrene  RfD (reference 4).

q?meisa~l~,solidPABw~hisarrremlyundergoing~.  Pyrenecanbe
absorkdthroughtheskinandiscon&zdtobeaskini&ant.  Onestudyha~qgested
possibletemtogenicefktsofexposedwarloas.  TbeEPAhasesfabkhedanozalRfDfor
gtiof 3%2 (mgkg+i).based on adverse kidney effects in mice. An uncerk~  fktor of

assoclatedwithth~RfD.  The~Ahasalso&e&nedpyrenetobeaclassD,not
cladhble,C  Thkclas&Wfionisbasedonanabsenceofhumandataand
i.mdqWeanimaldata.  ~tsfkommutagekiQstucWareequiv~(xkrence4).

A .  BEKENYL

~eEpAhascstablisbedan~biphenylRfDof5E2(m%kga).  ThisRfDiskedon
adv~kidneytiects~inrats.  Al .- -,factorof1OOisass&tedwiththisRfD.
Curzentinhalatirmdatais~to~aRfC(refezence~on).  TheEpA
hasalsodetermiwdbiphenyltobeaclassD,notcla&iable,carcinogen.  Thisclassification
isbasedonanabsenceofhumandataandiiwbpterodentdata.  Cuszentavailabktestdata
indicates that biphenyl is not genotoxic  or mutagenic (n&rence 4). The ACGIH
recommends a timeweighted average threshold limit value of 0.2 ppm for biphenyl
(refenzce 6).

B .  CARBAZOLE

Carkole  is a white crystalline compound which is used commercially as a dye intermediate
andinthe~ofphotognphicplates.  Itisakousedtitheproductionofsome
ttX@SiVS.

Toxicitydami~~elylimitedoncubazole.  A~studyhasrqxntedandaralLJ&,
Oetbaldose~gSOpaoentoftest~)~greater5,000mg/kgofcarbazole.
AccordiogtoIARC,carbazoleisnotyctclassifiableastocardnogenicpotentialduetothe
absenceofhumandataandlimitedevi~inanimalstudies.  ResentlytheEF’Ahasnot
developed toxicity values for carbazole  (f&fence 5).
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C .  l&DIMETHYLNAPHTHAr_

1,6-Dimethylnaphthalene is a methylated form of naphthalene. This  component of crude oil
is used in the manufacture of polyester resins, dyes, pigments, pharmaceuti&s  and
insecticides. Environmental contaminationofthisPAHalsooccursfiomforestfires,
volcanic activities, municipal waste incinerators, petroleum refming and tobacco smoke
(reference 5).

Human exposure to 1,~ethylnaphthalenemay  = thrc~@ dennal contact and/or the
illhalntionroute.  Theonlyrqxxtedef%ctsfromexposurutom&ylatedfonnsof
naphthalene are skin i&ation and photo *** tion. Mumgenicity studies conducted on this
PAH have reported negative results. The &r threshold for l&di.methylnaphthalene  is
0.428 mg/m3  (reference 5).

l,~Dimethylnap~hast.he~tobea~a  . * tintheaquatic
environment. This PAH is res&ant  to hydrolysis therefore bioaccumulatinginaqualic
systems. However l,&iimethylnaphthale  will undergo photolytic dqmdation  (refe~~~~ce
3.

-F%ently, the EPA has not develapd toxici~ values for 1,Uimethylnaphthalene.

D .  l--W

l-Methylnaphthaleneisacolo&ssliquidusedbyindushyinthe~ of resins, dyes,
pigments, phanna~tUs  and ir~~~Udes (&erence 5).

Human eqsure may occur via inhaWion, @estion and/or dennal routes. The only
reported effects of human e-sure to methylared naphthalene are skin irritation and
photosensitization. The odor threshold of 1-methymhthalene  is 0.02 ppm. Reports of eye
titation have been noted at ambient air concentrations of 15 ppm I-methylnap~ene. The
NIOSH reports the minimum lethal dose of 1-methylwphthalene  is 50 mg/kg for humans.
Measuremwt of urinary metaboh~, 1-naphthol or mercapruricacid,maybeanind&ionof
1-methylnaphthalene exposurr= (&m 5).

Thefollowingadversehealth~~havebeenreportedincasesof~~~~.
Though most of these ef&cts have not beea m in mtiylrmpl&alene  exposures, they
arenotedi.nthelitemtureduetostnWual ~simikity to the pent vd. These effects
include:  flushing, he2dach, restlessness, fever, nausea,  anorexia, *, skin irritation,
comd damage, respiratory  irritation, hernolytic  anemia, oliguria, liver damage, convulsions
and coma (reference 5).

Current data does not show genotoxic ef%cts  resulting fium l-methyhtaphthalene  exposure
(reference 5).
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Environmental contamination of I-methylnaphthalene  is expected to undergo photolytic
degradation. Bioconcentdon  of l-methyl-naphthdene  in aquatic systems is not anticipatd
(reference 5).

0

presently,  the EPA has not developed toxicity values for 1-melhylnaqht.h&ne.

E. 2-MErHYwB

2-Methyhuqhthalene  has shown negative mu&geG@ results @&rence 5). Presently, the
EPA has not developed toldcity values for 2-m&tylnapW.

1. Toxicologicz~I  Profile for Polycyclic  Aromatic Hydrocarbons. Agency for Toxic
Substances and Disease R@suy U.S. Public Hdth Sew&.

2. LaDou,  Joseph; Oocupatiooal I&di.&e. Appldon and Iangc, East Norwallc,
comrecticut, 1990. .

3. EPA, 1984, Hdth Effect  Assessnent.  FinalDraft. Euvkmmental Criteriaand
Assessment  o&e, Cincinnati, Ohio. sepmher 1984.

,,. -
4. IRIS, EPA Integrated  RiskInfoIInation System, On line.
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5. HSDB, Hamdous  Substance Data Base, On line.

6. ACGIH,  American Conference of Governmental Industrial Hygienists 1990-91 Threshold
Limit values.
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IV. ADDlTIONAL  TOXICITY PROFIES.

There are several isomers of polychlorinad  diknzofUIafU. Yet the major isomer of

conam is 2,3,7,8-m (KDBF).  TCBDF is inadvertently produced as
allimpariFlin~gradesOfcommcreialpemacbloropheaoldPCBmixtures.

HumandamwitbregardtoTCDBFisvcrylimited.  IthaslnxnsuggstUtheTcBDFmay
beimmu¶lotoxic. Thollghthisdete~onwasma&onthebasisof~similaritti~
with a dioxin isomer.

Animal studies have noted offspring malfomations multing from TCBDF exposure; there is
nocvidcnceoft.bisinhumans.

REFERENCE

Himrdous Substance Data Base (HSDB),  On-line data base.
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HEALTHEFFECEOFINHALED PARTICULATES

A. Deftition of Farticula~.

* -Fartrculatematter”isthegenerickxmforabroadclassofchemicaUyandphysicatl.ly
diversesubstancesthat~asdiscIlete~(liquid~~orsolids)ov~aw~range
ofsizes. RrtickoriginatcffomavarieQofsWionaqandmobilesources. TheymaYbe
emitted directly or formed in the atmosphere by transformation  of gaseous emissions such as
sulfur oxides, nitrogen oxides, and volatile organic substances. The chemid and physical
prqrtk of par&u&e  matter vary greatly with time, region, meteorology and source
categoly,  ~.IS -pN ae assessment of h&h and welfare effects.

*B. Rationale fm the Use of P&,as_tbeIrujiw .

2. Health  ri& posed by inhaled paxticks  are influenced by the penetration and
deposition of partick in the various regions of the qkatory  tmct, and by the biological
reqmsestothesedepositedmaterials.  SmaUerparticl~penetratefuahestintherespiratory
bad. The largest particles are deposited in the extrathoracic (had) region with somewhat
smaller particles depshing  in the tracheobd  regions Still smaller particles can =h
thedeepestportionofthelung,thealveolarregioa.  Theriskofadverseh&.theffects.
assoclatedwithdepositionoftypicslambientfineandcosxseparticlesinthe~
(tracheobrwnchial  and alveolar regions of the =@yW~h=marloedlygnrrter~
thOSe associated With depoSitiOflS  ill the e&UhWX (head)  region. Maximum particle
~ontottaethoracicregionoccurs~gorwasalormmthb~g.  Tbesize-
specificindi~rfortheprimarystaxukdwaschosmtorqz=entthoseparticiessmall
enoughtopenetratetothethoracic~(both~~~~andalveolarregions.)
The risks of adverse h&h effects fiwm strathoracic  depitkm of typical ambat
pariiculate matter are sufficiently low that pcutick  depositing only in that region can safely
be excluded from the indicator.



L. pollutant Reswnsible  for Health Effects.

1. Although PMlo was chosen by the EPA as the indicator  for monitoring, the pr&se
mm of the pollutant rqonsibe for health effects-total suqxnded particles, PMrO, fine
particles, sulfates, acid aerosols, sulfur dioxide, or some as yet unmd pollutant is
uuc~~on~~vailableevidepce.  Studieswhichhaveassociatedhealthefkctsin
hnmanstDsomem~of~havevariedintbeindieatormeasnred~gon
the~of~and~ypriortathe1987EE’As&ndard.  -of
thcsestudies~thedtaftingofthestmdaIdaffempbedtoquantzfyanequivalentpM,,
levcltitheactualpartiatlatemeasarrcd.  TheEF’Afurtheraclmowkdgedthateveathe. .
fipWXWWSblbiesW~ conducbed  in times and plac?xI  where pollldBut  compostions  may
have mu+ed+msiderably  fmm U.S. atmospheres, ti which the sraadard was w&ten.

D. Short Term f3xoosu~.

1. Analysisofeffectsof~sure~eeleMted~oflessthan2weekscfuration
duringdiscRteairpollutionepisodesledthe~Atodeterminethatacoatinuumofhealth
efkts occur. At equivalent PMIO levels of350-6W pglm’, &ects such as m
mort&yandaggmvationofbrwnchi&kweredemmipedtobe”likeiy.”  AteqtivakntPM~O
levels of l&350 &m3, aggraMtion of brwchztis in ad& and small, rever&le declines in
iu~p:fulLctioDin~w~  “,~possible,whileatequi~PM&evelsof
< 125 &II3 no effects were noted.

2.  ThreesbldieswllichRported~t~ inpuhIlonaryfuncticmhl
p-y healthy school children &ring wintertime air @lution &s&es with TSP
amcent3aticmS  of 2OG250 &c? daily (equivalent PM, of NO-350 &m3) also rqxz&ed a

A-3-24



persistence of this decrement several weeks later. A recent study in the Netherlands found
signiii~t but non-persistent decreases in forced vital opacity  and forced expiratory volume
in one second during epkles where PM10 ranged from 30-144 pglq.

1. ~~l;rstinglongerthan2to6weekshavebeenassociatedwithhealtheffectsat
lower levels of PMIO. At equivalent w0 levels of > 80 Erg/m39  iwxeased  nqktory
CliSB,Symptoms,atad~ hmgfunctionin&Wren(withasmallerreductionin
function in adults) was ti . xl to be “likely.” At equivalent PMIo levels of 40-80 pg/m3,
incRasedrespiratorysymptomsandreductionsinlungfunctioninchildren~dadultswere
considered “possible.” At PM,,  equivalent levels of <40 &IX.?,  no detectable m in
pulmonary function are M in children or adults.

2 .  Anewly~b~cohortstudyattemptedtoquantaythelollg-tenarisks~
withpaekdam. Asthisstudywasstartediu19n,theotiginal~ was TSP. Ten-
year followup dam significzxntly  associates  new onset airway  obsttuctive disease, chronic
bronchitis, and asthma to m after adjustmwt for smoking history, living with a
Smoker, and other polllrtaat indhtms among other wuiables. The relative risk assocdd
with a 1,000 hour/year exceedance of a TSP level of 200 bg/d ranged from 1.33 for new
onset chronic brwnchiti to 1.74 for asthma (ail  significant). Results of precise pM10 level
assc&tionsareL%aidtobeforthcoming.

F. Mnrtali,tu.

Anxent  review article~ormedaltemativem~ of particulate matter (British
smoke, sulfate, TSP, cc&kient  of haze) from previous stud.& into PMro  equivalents and
examined the xdationsh.ip  to daily mortality. Bimated  96 changes in daily mortality due to
a 10 pg/m3  change in PMIO in the range of 37-80 pg/m’ were 0.31 to 1.49%. While some
studies examined only all-cause mortal@, others were large enough to explore the
association between pardculares and respiratory and caxdiova.scuk mortaliq, which were
found to be positively associated, while no sigaificaat  eon to cancer, accidents or
other causes of mortality were seen. Such Ainmortahtywouldbeexpectedonly
among sensitive subsets of the pqulation,  such as the chroni&y  ill or the elderly. While
there are some im~rtant caveats to this finding, the article states  that “despite problems in
meafllrement  of evsure,  and contr01 for all pot&ial  confoundeq when the outdoor fixed
site monitor mm a higher con~on of particulate matter, higher levels of mortality
are consistently obsen&.”

G. Cancer.

1. The~Aalsocons~theresultsof~vedatafiomanumberofother~al
and epidemiologic studies, which am concern for effects not directly evaluated in the
studies used to develop the ranges. Such effects include damage to lung tissues contributing
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to mc%. The available scientic  data do not suggest major risks for these effects at current
ambit I.- particle levels iu most U.S. areas, and is at present unquanlitated. However. the
EPA s-xes that “the risk thz 50th fine and coarse particles may produce these ~sponses
supports the need to limit kg-term levels of F%& for a variety of aerosol compositious.”

2. Arl additional COWZXII  is that most poiycyclic  oxganic compounds in ambient air are
.Bssoclatedwithparticulatematter.  SpGficc~oforganiccaqnmdsidentikdwith

-~lnatmincludepo~~CliC~~~~AB),-
aliphatic  hydrrrcarbons,  a-arenq al@haIic  and aroma& aldehydes and Won=, As,
phenols, phthalicacidesbers, arylandallql~,  chlorophenols, I&u anuj==@ and
alkylating age&. of these, the polycyclic  caganic mattw amnpmds-wy the
polyqelic  mmatic hydmakm  (PAHs)--have meived the most attention. Many of these
cofsi~ are pomt carcinogens in auimals, Be@aJpm is the most commcmly
measured surrogate of aidxnne organic pollutants. It is important to distinguish however,
thatalthou~~airbomeorganicpllutantsassociatewithparticles,theyhaveessentially
sqarafehdthefTeCtsaud~lsmeasuredsquately.

.
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